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PREFACE

Soon after its founding in 1952, the Advisory Group for Aerospace Research and
Development recognized the need for a comprehensive publication on flight test techniques
and the associated instrumentation. Under the direction of the AGARD Flight Test Panel
{now the Flight Mechanics Panel), a Flight Test Manual was published in the years 1954 to
1956. The Manual was divided into four volumes: 1. Performance, I1. Stability and Control,
II1. Instrumentation Catalog, and IV. Instrumentation Systems.

Since then flight test instrumentation has developed rapidly in a broad field of sophisti-
cated techniques. In view of this development the Flight Test Instrumentation Group of the
Flight Mechanics Panel was asked in 1968 to update Volumes 11l and IV of the Flight Test
Manual. Upon the advice of the Group, the Panel decided that Volume Il would not be
continued and that Volume IV would be replaced by a series of separately published mono-
graphs on selected subjects of flight test instrumentation: The AGARD Flight Test
Instrumentation Series. The first volume of the Series gives a general introduction to the
basic principles of flight test instrumentation engineering and is composed from contribu-
tions by several specialized authors. Each of the other volumes provides a more detailed
treatise by a specialist on a selected instrumentation subject. Mr W.D.Mace and Mr A.Pool
were willing to accept the responsibility of editing the Series, and Prof. D.Bosman assisted
them in editing the introductory volume. In 1975 Mr K.C.Sanderson succeoded Mr Mace as
an editor. AGARD was fortunate in finding competent editors and authors willing to
contribute their knowledge and to spend considerable time in the preparation of this Series.

It is hoped that this Series will satisfy the existing need for specialized documentation
in the field of flight test instrumentation and as such may promote a better understanding
between the flight test engineer and the instrumentation and data processing specialists.
Such understanding is essential for the efficient design and execution of flight test programs.

The efforts of the Flight Test Instrumentation Group members (J . Moreau CEV/FR,
H.Bothe DFVLR/GE, J.T.M. van Doom and A.Pool NLR/NE, E.J.Norris AAAEE/UK,
K.C.Sanderson NASA/US) and the assistance of the Flight Mechanics Panel in the prepara-
tion of this Series are greatly appreciated. In particular, credit is due to the late
Mr N.O Matthews. Mr Matthews was Chairman of the Flight Test Instrumentation Group
from 1976 until 1978 during which period he prepared portions of this volume.

F.N.STOLIKER

Member, Flight Mechanics Panel
Chairman, Flight Test
Instrumentation Group
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SUNMARY

is volume describes the application of data processing systems to produce data in
support of flight testing. The generalized technigues are appropriate to large test cen-
ters which support multiple testing programa simultanedusly. The concepts, however, are
as equally valid for a single test program using a dedicated data procassing system.

Starting from a discussion of data sources, the text proceeds to a review of the
contiderations required prior to data processing. A simplified discussion of two major
couponents of data processing - hardware and software - follows. The volume then looks
at the third major component of data processing - the paople to make it work. The data
processing in support of flight testing is described according to processing functions.
An attempt is then made to identify potential problem areas. «

Since every organization which conducts test flights develops its own methods and
techniques for this purposs, it is not always possible to give specific details that ecan
be universally applied. The intention is to present a general outline of the methods,
techniques, and problems associated with data processing for the benefit of individuals
not experienced in this field. It is hoped that experienced Flight Test Engineers will
be able to make use of this review to assist with instructing new entrants to the field
of flight test data processing and to atimulate future developments.

1.0 INTRODUCTION

The demand for a test flight arises from the n_ed for information concerning one or
more characteristics of the wircraft under investigation. But planning cannot ba com-
menced until it is stated what specific information is required and if it can actually be
obtained to the required accuracy using the techniques and instrumentation available.
Planning, however, is an iterative process and begins with general requirements. The
requirements need to be discuased and reviewed in developing detailed specifications tor
the test planning, instrumentation and data processing. Requestors and producers must
work together from the start, with all participants having a common objective as wall as
having an appreciation of each other's processes. Requiremants are just that - “Require-
ments® - the mechanics of satisfying those requirements are what generally undergo change
unless the baasic objective is changed or modified. If the specific information required
cannot be obtained, then the requirements must be changed or the flight test delayed.

Quantitative data ocbtained during flight testing is often not in a form that will
comvunicate to the aircraft development agency the information that they seek. It is,
therefore, necessary to convert the dats into a more msaningful form. The term "Data
Processing® is applied to this activity, whether it entails making simple manual calcula-
tions or the full use of powerful computers.

For a teat flight to ba successful, the planning must follow a methodical course.
Normally, a many-s;ded problem exists, demanding that the planning process converge on
the best compromise., All the personnel requiring information froa a test flight must be
avare of the capabilities, limitations, and accuracy of the proposed methods, instrumen-
tation, and data processing systems. Initially, it is necessary to establish the follow-

ina:

® The stimuli to be measured, tha accuracy required, and the types of transducers
and signal conditioning to be used.

e The effect on the results of the capabilities and limitations of avaiiable trane-
dycers best able to obtain data that can be processed.

o The method and posit .on of installation of the transducers to cnsurs that the
intended stimuli act on them and not some stimuli spurious to requirements, and
that the measursmert system does not change the characteristict of the syatem
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being monitored. Alternatively, if spuricus stimuli cannot be avoided, the na-
ture of these stimuli should be established by measuring them in isolation or a
means of isolating and discarding the spuricus stimuli (noise) should be devised.

¢ The effects on the results of tha capabilities and limitations of available aig-
nal conditioniig equipment best able to withstand the working environment.

¢ The effects on the results of the capabilities and liamitations of data atorage or

tta:lninnion equipment (if required) best able to withstand the working environ-
ment.,

e The ability of the aircraft to perform maneuvers required for the acquisition of
the required data. .

® The effect on the results of the capabilities and limitations of the data proces-
sing system, to include both hardware and software.

e The effects of the capabilities and limitationa of available mathematical tech-
niques that can be employed for the processing of the data in a timely fashion.

e The ability of the personnel to analyze and interpret the processed data to obtain
valid information.

o The effects on the validity of the results arising from the accumulation of lim=-
itations from stimuli to interpretation of processed data.

¢ The cost of each part relative to the whole coat, and the whole cost itself.

It can be seen from these stages that, in nost casas, each slement in the system
reflects itself in all of the others and that the whole system can be no better than its
weakest link. The result is that the first consideration in planning a test flight is
that o the effects of the limitations of each elemant and, most important the limitations
of the system. Although the progressive nature of the "State-of-the-Art*" introduces new
capabilities, the inevitable result is a complementary increase in the number of limita-~
tions.

2.0 SOURCES OF FLIGHT TEST DATA

Flight test data is derived from two major sources: (1) on-board sensors; and (2)
ground-based instrumentation. Information concerning specific subsystem performance, pro-
pulsion, structural deflections, stability or control, and performance comes from the
signals generated by the on-board trinsducers and recorded on-hoard or telemetered to the
ground. Ground-based instrumentation systems usually consist of radar and optical equip-
ment and are used to obtain aircraft trajectory and attitude data. In either case, the method
of recording the data will be selected to optimize the amount which can .be sampled and
stored in the smallest time interval and recording medium. Such a recording scheme is
generally unsuitable for direct entry into a coaputer and requires one or more intermedi-
ate steps to transpose the data into a format which the computer can accept (this ias
generally defined as "preprocessing”). When multiple recordings of raw data are made of
some physical phenoment, a requirement for correlation of timing adds another stage of
processing.

2.1  AIRCRAPFT CATEGORY
The characteristics and amount of data is dependant upon the type of information
that ia sought, which in turn can be dependent upon the category of the aircraft. These
categories are:
2.1.1 Uncertificated Aircraft
o Experimental aircraft used for research.
e Prototype aircraft in development.
o Aircraft test flown for certification.
2.1.2 Certificated Airxcraft
® Aircraft used as a "flying platform or test bed" for testing on-board equipment.
e Aircraft used for testing weapons.
e Research and training (including "flying laboratories®).
o Investigation of post-certification deficiencies.
e Flight data recording for fleet life fatigue data or crash investigation.

Thess categories are treated in detail in Reference 1.

e ety -5
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Generally, test flights on uncertificated aircraft are conducted to yleld as
much information as possible, while test flights using certificated aircraft can be con-
ducted for the purpose of cbtaining a small amount of detailed information.

2.2 DATA TYPRES

The types of data that can b derived from test flights and their frequency
ranges vary widely as can be seen from the followinug important exaaples.

2.2.1 Alrcraft Performance

One of the main reasons for instrumenting an aircraft for either prototype or
research flying is to examine its performance characturistics. This generally involves
low frequency measurements in the range from 0 to 23 Hz. and the vast majority of the
Reasuresents are quasi-static. There is, however, an increasing tendency to obtain per-
formance data from dynamic maneuvers.

2.2.2 Flying Qualities

Similar characteristica can be applied to the axamination of aircraft flying
qualities, This involves a different form of instrumentation but, again,normal Flight
Nechanic measurements in aircraft tend to be quasi-static although the phase relationship
charactaristics between the various quantities can be of intereat. Care is needed in the
handling, recording, and analysis of this type of data.

2.2.3 Power Plant

The majority of power plant performance information such as temperatures and
pressures are quasi-static, but during evaluation of engine handling qualities dynamic
conditions can be experienced which require measurements in the range of 0 to 50 Hz. In
some cases, vibration measurements have been used as a monitor uf the “health" of power
plants in service. Where thess technigques have been employed, the measurement responses
range to several thousand Herts.

2.2.4 Flutter

Airframes flutter characteristically in range 0 to 50 Hs and special techniques
are nscessary for handling this type of data. (Reference 2)

2.2.5 Structural MNeasurements

Moat prototy,« aircraft are equipped with strain gauges and similar devices so
that measurements of the forces present in “he structure carn be made during test flight.
This is particularly important when new concepts are involved such as high temperature
flight loads and maneuver loads on highly maneuverable aircraft. (e.q. the NASA YF-12 High
Temperature Flight Loads Research and joint NASA-USAF Highly Maneuverable Aircraft Techno-
logy (HINAT) Programa.) The normal range of structural measurements is from 0 to 1 kis,

2.2.6 Vibration Neasursments

Components in eguipment and weapons carried in or on an aircraft can be serious-~
ly affescted by vibration levels present. Vibration measurement is becoming increasingly
important, particularly as the range of frequency analysis available in the data proces-
sing facilities become greater. Current vibration analysis technigues covering ranges
from zero frequency to several thousand Hert:z raveal that considerable power is being
delivered to components and equipment carried in aircraft at frequencies far outside the
ranges previoualy suspected. Helicopters are particularly subject to vibration. (Refer-
ence 3)

2.2.7 Avionics

Avionics equipment surh as aucomatic flight control systems have to bae flight
tested and some of the electronics signals in this equipment can be at very high frequen-
cies. Test aystems need to covar ranges up to tens of thousands of Hx and, in the case
of rada: and similar equipment, up to several hundred megahertz (MHiz).

2.2.8 Acoustic Measurements

Since increasing concern in recant years has been expressed on the noise levels
of aircraft, there is more emphasis on measuring cabin noise and "ground” noise levels
during prototype testing.
2.2.9 Bio-Engineering

Measurements of heart-rate, blood pressure, and other characteristics of the
pilot and aircrew during flight have bsann important, particularly in space flight. The
frequency range of these measurements is relatively low and doas not present any basic
data racording problems.
2.3 INSTRUMENTATION SYSTENS

Thers are often sevaral vernions of any particular type of equipment that can
be used for the aciuisition, recording, or transmission of data. Even though the
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differences buatween versions can appear subtle, they can have a large etlect on the abil-
ity of the data processing equipment to handle the data.

2.3.1 On-Board Equipment

Bquipment in use today has developed from that used in the early days of test
£lying. In many instances, the equipment of todey bears little relation to the sarly
types &8 a result of present sophiscicated techniques. But thers are a few cases where
the use of early techniques with modorn equipment is the mos: convenient and sometimes
only means of gathering lata.

2.3.1.1 Manual Recording

The first attempts at gathering data on the behavior of aircraft were made by
installing the aimple and sometimes crude aensdrs of the day on the aircraft and arranging
for the indicating part, whether it was a dial or manometer tube, to be within sight of
an observer. The readings were then noted at intervals, the minimum length of the inter-
val being dependent upon the number of indicators to be read and the number of okservers.
Accuracy was generally limited, the process was tedious, and it was difficult to obtain
accurate time correlation among readings from separate sources. Even 30, there are in-
stances today where manual recording of instrument readings is the most convenient and
economical, e.g., ground calibration data, test flight event times. Use of manual re-
cording in flight should be limited to low performance light aircraft only or where time
and/or circumstances 40 not warrart a more complete instrumsentation system.

2.3.1.2 Photo Recorders

An improvement to manual recording of data by an observer was made by photograph-
ing the indicators with a cine camera and, subsequently, extracting the information from
the developed film. All this did was to transfer the observer's work to the analysis
staff with the zdvantage that improved time correlation among readings was possible. Bul
still the data often had to be analyzed manually in order to obtain a meaningful presen-
tation of the data.

2.3.1.3 Trace Recorders (Strip Charts)

Concurrent in the development of the trace recorder (or strip chart), which trans-
lates an electrical signal into a trace on paper, came transducers which produccd an
electrical signal proportional to the strength of the stimulus. The combination of the
two made a substantial improvement in the recording of data, since it then became possi-
ble to plot simultanecusly and automatically many channels of data while the flight was
in progress. Trace recorders could also he used to display data recorded on magnetic
tape, prior to conversion to engineering units. This lead to a technique known as
*quick=lo0k" which remains a valuable facility to this day. The use of "quick-look™ is a
convenient means of scoping and/or reducing the data processing task.

Strip charts for trend information and listings for absolute values is a key
point in display technology. In fact, strip charts are a :tpeacial case of x-y plots. All
show interrelationship information whereas listings are valuable when actial quantitative
values are desired.

Occasions still arise, as with manual recording, where the use of a trace re-
corder or a photo recorder on-board the aircraft gives sufficient information convenierntly
and economically, whether or not other recording techniques are employed at the sams time.
This is particularly true for the instrumentation of light aircraft for simple tests or
where the prime data requirement is for trend information.

2.3.1.4 Nagnetic Tape Recorders

Tape recorders scon surpassed the trace recorders in number of parameters which
could be recorded per time interval and had the added advantage of being able to repro-
duce the original data signals electrically.

This form of data recording is still at the "state-of-the-art" and, until solid-
state memories become available, it ias likely that the magnetic tape recorder has many
ysars of duty still to fulfill., Detailed descriptions of magnetic tape recording tech-
niques can be found in Chapter 9 of Reference 1 and Reference 4.

‘There are thres main types of tape format: open reel, cassette, and cartridge.
Other formats not in general use have been daveloped for special purposes. In addition,
there are four recording modes: direct, frequency modulation, digital, and cowmputer
compatible.

2.3,1.4.1 Tape Formats

Extensive use has bean made of the open resl tape recorder since it has the
greatest flexibility in meeting a variety of applications. Alth::z= this was the esarliest
type of magnetic tape recorder, with refinements and the use of rn techniques, the
fidelity of data reproduction remains superior to other formats.

Open reel machines are available to accommodate one-quarter inch to one inch
wide tape which, in turn, can contain from ons to fourteen or more data tracks (special
tapes can be wider, up td 2.3 inches). The tape speed can usually be varied to suit the
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bandwidth of the data. Different tape lengtha and spool sizes are available tc enable
various recording times to be accommodated or, conversely, to allow the use of compact
nachines for installation in small spaces.

The requirement for amall dsta recorders led to the adaptation of the compact
cassstte for any tape length up to an amount sufficient for one hour's recording. The
tape width is one-eighth inch and the rocording speed ia one and seven-eighths inchea per
second, The combination of thase two figures result in a very 2mall rate of conaumption
of tape. It is, therefore, very economical and, in addition, very convenient to handle.

Like the compact casaette, the tape ecrtrmr is of fixed simze but larger. 1It
containe one Qquarter inch wide four-track tape which is recorded at three and three-
fourths inches per second. The tape i»s a continuous loop feedinyg from the hub of a
flangeless spool and returning t> the perimeter. The bandwidth is better than that of
the cassette and approaches that of open reel machines running at the same speed. In this
instance, it has the advantage of compactness and convenience of handling without so much
limitaticn on bandwidth as the casastte.

2.3.1.4.2 Rscording Modes

Initially., the only means of transferring data signals onto tape were by modu-
lating the magnatic flux of the record head with the (compensated) data signal. The pro-
cuAs is known as "divect recording” since the signals contained in the tape coating are
diisctly relatod to the original signals. The bandwidth obtainable with this mode nor-
mally extends to not less than 50 Hx, and up to 100 kHs at high tape speeds. Although
this bandwidth has many applications, such as audio reproduction, it canrot accommodats low
frequency flight mansuver or static load signals. Because of this, tha technigques of
radio comunications were applied to produce the freqguency modulation mode of recording.
There are two variants, single carrier mode and frequency division multiplex mode.

With the fregquency modulation technique, recording is possible down to zero
Hertsz, theredy, allowing atatic loads and low frequency signals to be recorded. There
are several common standards for single carrier Frequency Modulation (FM) recording, the
most frequently used being that of the Inter-Range Instrumentation Group (IRIG) which
dictates a constant relationship between tape speed, carrier frequency, and bandwidth as
well as defining the track layout. (Refersnce 3) Thia enables recorded data to be
replayed at different speeds without altering the characteriatics, an important feature
in later processing.

The present trend is towards the use of digital form before committing data
signals to tape. The resolution capability is dependent upon the length of the binary
word. BEach word gives one instantanecus value of one parameter. In the recording pro-
cess, only two magnhetic states are used for the binary values: saturation in one mag-
netic direction or the other. The digital sampling rate can excesd that of analog
machinas with the advantage that speed variations not affect the data.

The data can be recorded in parallel, that is, a track allocated to each chan-
nei, or in serial, where nne track can accommodate many channels ot data Ly time divisinn
multiplex. This latter technique lands itself to computer compatible tape recorders and
has the advantage that head alignment and tape skew are not as critical as they are with
any form of parallel recording where phase relationships between tracks would be altered.

Most modern recorders use time-division multiplexing to increase the capacity
for data. It can be used in digital, FN, and direct recording. This is done by varying
the rate at which parameters are recorded (also known as commutation rate). This basic
vate is dependent upon the frequency spectrum of the desired signal. In its wmost ele-
mentary form, the values of varinus parameters are recorded in a time-dependent sejuantial
action. Items of higher frequency content are recorded more often than the normal cycle,
while elements of lower frequency content are recorded every other cycle. This latter
scheme increases the number of parameters which can be recorded in a commutation cycle.

At the present time, on-board production of computer-compatible tapes is not
conducted on a wide acale. Such tapes have the adventage of being capable of being read
directly b!nth. standard digital computer, eliminating the need for the intermediate stage
of processing required to convert digital tapes to a computer-compatible tape. However,
standard computer tapes are half-inch in width with data recorded in parallel on sither
seven or nine tracks at closely specified bit densities. The tolerances for bit density
and skew ars 20 close that it is Aifficult to remain within these tolerances with today's
flight recorders. The bit densities for cowputer-compatible tapes are relatively low
when compared to standard airborne digital tapes. Finally, digital computers require
"inter-record gapa® on the tape after a certain number of data words and no data zan be
recorded during the gaps.

The capabilities of these racording systems and their applications are covered
in References 1 and 4.

2,3.1.5 Optical Systeams
Many areas of flight test data acquisition are still best anhieved using optical
systems of various sorts. The advantages of these systems are their ability to record

the actual overall picture in addition to using certain specialized techniques. Optical
systems form a large part of the ground based data gathering facility, but here we are
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concerned mainly with systems installed in the airoraft anc using only sircraft data.
(Reference §)

2.3.1.5.1 Airborne Cameras

There ie a wide range of applications for airborne cameras in flight work. One
of these is a system which uses a motion picture camera mounted in the forward part of
the test aireraft to obtain a forwvard and downward view of the runway. Surveyed pairs of
sarkers arranged in parallel lines, such as runway lights, may be used to obtain aircraft
altitude and position along all three axes by means of perspective geometry and photo-
grammetric technigquea. These oxntm are useful for takeoff and landing measuremants,
and also for noise msasurement in conjunction with ground recording of the noise level
generated by the aircraft.

Other uses of airborne camaras are for monitoring the condition and situation
of inaccessible parts of the airplane such as under-carriags, flaps, or for observing
stores separation and recording of head-up displuy (HUD) data from suitably mounted cam-
eras.

2,3.1.5.2 Television Systems

The use of these for flight test purposes in conjunction with video recorders
or video transaission equipment is increasing. One of the advantages of these systems
ia that, uung the video recorder, instant replay of the data is available in visual form.
Systems of this sort can be used for monitoring cockpit performance, and for other erter-
nal items such as undercarriages, in place of cine cameras.

2.3.1.6 8olid State Nemory Devices

At presant there is not a suitabie high speed s0lid state memory device avail-
able that can store large amounts of data in a sufficiently compaci unit. BRut develop-
mant of high density memories including magnetic bubble memorieas is in progress. 8o far,
exparimental devices have besn made with A one mega-bit per squere inch packiug density.
Initial production prices of bubble memories are very high, but ac is the case with seai-
conductor devices, these prices should reduce in time and it appears that the market is
goinq to be very competitive as the result of the highly intensive developmant currently

n progress.

The advantages that these devicea will have over present data storage equipment
are nmerous. The devices themselves and their interfacing equipment will not be affect-
ed Ly incidental influencas such as vibration. The size of the equipment will be reducned
for the same amount of 3tored data. keliability is expected to be better since there
will be no moving parts and the data can be stored in a computer compatible form.

2.3.2 Telematry

In many instances, it is preferable to analyze the data while it is being ob-
tained. This can be done using a computer on-bhoard the sircraft, but weight and size
restrictions can limit the processing power of such a coaputer to inadequate lsvels. The
alternative to on-board processin: or recording is to transmit the data to a ground based
data processing facility using a t ametry link. In fact, the modulation schemes for
magnetic tape recorders are basic tn telemetry. Most modern aircraft testing usez a com-
dinativn of on-board recording and telemetry, with craitical parameters heing selected for
telemsturing and displaying in real time. The displayed data can then be used by the
flight test engineer to study the results in order to ascertesin the validity of the per-
formed test, improve safety and expadite the conduct of the tests.

2.3.3 Ground Systeas

Not all flight test data is vbtalned from instrumentation installed in the air-
craft. In tests requiring the trajectory of the aircraft (or of a weapon) to be known,
the “::iury means of obtaining this information is by tracking the aircraft from the
ground.

2.3.3.1 Aircraft Tracking Equipment

A common means of tracking aircraft is with a cinetheodolite. Equipmsut of this
type has been in use for this purpose ever since the requiremant first arose in flight
testing. Nowadays the cinetheodolite can be a sophisticated instrument linked directly
to > computer or it can be quite basic, having featu-uas similar to the early models.

The mathod of trackiag the aircraft is optical, the instrument having une or
more mutually aligned telescopes mounted on a common rotating head. This head is cali-
brated in lateral angle (azimuth) and vertical angle (elevation).

The principle of operation is that as the aircraft traveis across the tield ol
view of the cinctheodolite, the telescopes are rotated in azimuth and slevaticn to main-
tain a target point on the aircraft on a pair of cross-wires. While the tracking is in
Progress, &8 camara records the telescops viaw at regular intervals nf one, five, ten, or
twenty frames per second. Each frame contains aximuth. elevalon, and timing information
in addition to the photographed image.




during procesa.ing, the asimuth and elevation values are extracted from the film,
The croas~wirys are re uced on each frame 80 that trazking errors can be scaled off to
correct the scale readings. MNulti-station sclutions are used to calculate the position
of the aircreft at the time each frame ‘s reworded: The acquisition of the data from the
f£ilm is by nevessity manual and unavoidably tedious. If aiming errors are not signifi-
cant, a cinetheodolite huv\:g transducers giving either analog or digital output of the
scale readings can be coupled directly to 2 computer for x-nnn proceasing and plotting
Or to A card or paper tape puncher. If aiming errors need to be compensated for, a use-
ful enpedient is to apply smoothing during pivcessing, but this cannot be as acvurate as
measuring the error in each frame.

An alternative method of tracking aircraft is with the use of a .ervo-controlled
radar l{!hﬂ which automatically foliows a reflecting target or beacon on the aircraft.
This principle has been applied also to & laser tracking system, but whatever the medium,
accuracieyd can be ary muwh improved and tediuva rcduced uince aiwming ercors are automatic-
onty made very amall allowing the data to be processed without, or with minimal, manuval
assistance.

Discributed slectronic sensor systems using multilateration techniques consisc
of multiple meas. rement aensors (three or more) located some distance from each other.
Bach sensor makes a asasurewsnt of target range and then a mathematical process is used
to extract target position. Such systems can track and present target information
simultanecusly for multiple targeta. Accuracy beccaes highly cependent upon the geometric
relationship between the stationa and the target.

Datailed descriptions of aircratft tracking equipment can be found in Mfersnce 7.

2.3.3.2 High Speed Cameras

One of the sssential reguirements of ground based camera systems is their ability,
through the usse of high shutter speeds, to slow duwn the processes which are being photo-
Inphod in any particular flight test. Thess cameras have particular uses in ¢rials

nvolving the releass of weapons and stores from aircraft and also in guided weapon teats
‘h::t:d tiis accurate knowledge of the mechanical processes taking place is frequently re-
qu .

M0 PREPAMATION TOR DATA PROCESSING

Whatever the test flight irsguiroments, the data processing parsonnel should be
given details of the signitizart limitotions and characteristics of the airborne iastru-
mentation and of any spuricus influence acting upon that equipment. Likewise, the instru-
mentacion personnel must be aware of the limitations and idiosyncranszies of the data pro=-
cassing =2yatem rather han assuming the modern, large compater can handle an infinite
variety of dsta formats, manipulation3, and output presentations. No amount of processing
manipulation can retrieve an unrecorded signal. Y¥f the recorded signal is noisy, then
expect noisy duta or unacceptable smoothing. Recoxding all possible parameters at the
highast possible sample rate should not automatically dictate the requiremant to then
attumpt to precess all of it at thoss ratea, Documentation of data processing require-
ments and their solution: wust be as thorough as that required for the instruasntation.

3. CRITERIA FOR CONPUTZR USE
Today, data processing in support of flight testing connotes the use of some

type of computer uystem to apply culibration corrections, arrange data in usable format

or perform computations among derived data pointa. Intelligent use of a computer requirss:
® The Problem Must Be Useful

In the real world, the computer is always an axpansive device and *usefulness®
is defin<d Ly someone other tnan the data processor.

e The Problem Muat Be Precisely Defined

A pcoblea ic defined when ysu know itw inputs, what to expect fur outputs, and
how to tell if the ocutputs are correct.

w e Muat Xnow How T» Solve The Problem

We musi have a method of sclution, with or without the computer. The computer
adds nothing to ths solution method. Such methods are called “algorithma® and
can, at tha sta t ¢f the problem solution, be relatively crude and unsoph.sti-
cated. A amrll amount of work w.th tha crudae method frequeantly reveals im-
provemants, short cuts, or a better method.

e The Dzohler Must. Fit The Machine

The problem mure fit che machina in two ways. Pirst, the instructio.s and
data must Yit within the ctorage of the machine, at least for any part of the
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problem solution that is to be axpected at a given time. An elegant program
that consumes all or most of the storage space is of little practical use.
Second, the solution must be executed within the time constraint of the com-
puter syatem.

® T™e Problem Nust Invrclvoe Muth Repetition

Computers are best at repetitive manipulations where the speed of operation
can be used most efficiently.

3.2 CONSIDERATICNS AND CONSTRAINTS
| 3.2.1 Human Consideraticns

Care must be taken to provide for the "people" portion of data processing. Re-~
gardless of the level of the automated processes, there still must be request and track-
b ing forms, manual procedures, documentation, personnel training, and effeciive matching
; of individual talents to the task at hand. The program manager, inatrumentation engi-
neer, flight test e:gineer, and data processing personnel all speak in individual argot
3 which eazily leads to false assumptions and production problems. The trivial manual
3 steps (e.g., properly labeling a tape, keypunching a card) if not properly performed can
rasult in expensive reruns. It must conatantly be remembered that people think, but
computers must perform only according to precise and literal instructions. Output is
niver better than input and is seldom egual.

3.2.2 Budget Constraints

é Data processing is expensive, but properly planned and executed can reduce the

1 overall cost of the flight test program. Today the budget for data processing can
approach forty percent of the total test program budget. Giant strides have been made

in the quantity of data which can be recorded and processed. As a general rule, the
earlier in the data processing stream that the data requirements can be reduced, the more
effective will be the reduction in cost. Real time processing and display, while glamor-
ous and technically exhilarating, should be used to reduce the overall testing time and
increase test safety. Reruns of data processing can negate the savings in overall pro-
gram costs. Data reruns are most often caused by improper data or program instruction
entries. Time spent in a detailed logical review of the data processing requests prior
to submission can prevent costly reruns.

T

3.2.3 Sophistication

The flow of data processing should be as straightforward and simple as i, con-
sistent with the accuracy of the recorded data. A one percent value expressed to twenty
significant figures, while impressive, is not of any more use than one of four or five
significant figures. Often the speed and versatility of the large computers bedazzles
the engineer as we try for more exotic ways to produce answers. A computer program is
extremely literal and a seemingly minor change can reverberate through the program struc-
ture. Development of analysis equations should precede the mathematical operations used
to produce the results. If the test manager is fortunate enough to be testing at a
facility which has a library of routines used successfully on other test programs, he
shauld certainly use these rather than embarking on a new independent path.

3.3 TYPES OF DATA

Section 2 demonstrated the wide range of data characteristics obtainable during
flight tests. When planning or selecting a data processing system to analyze test flight
data, careful consideration must be given to the system's ability to fully accommodate
the characteristics of the data to be analyzed.

Approximately ninety~five percent of flight test data has a frequency content
of interest of less than 6Hz covering areas such as stability and control, performance,
flight control, and navigation systems. Some three percent, which extends to about 150Hz
is concerned principally with vibration and flutter. Approximately one percent may ex-
tend to 6kHz, accounting for noise, speech, and possibly, electrical power supply quality.

A required accuracy of 0.l percent is expected for only about ten percent of the
total data, for performance, stability and control, and navigation systems. The remain-
ing ninety percent usually requires an accuracy of approximately one percent; this figure
increasing for high frequencies. Accuracy in this context relates to the residual random
error remaining after all bias compensation has been applied. (Reference 1)

3.4 CALIBRATION METHODS

The proceas of converting data to engineering units requires a knowledge of the
entire system design from the initial conversion of the physical force to an electrical
function by a transducer; then in turn through the signal conditioning, the tape recorder,
preprocessing station, and the computer. What is performed in the instrumentation cali-
bration may limit what can be done in data processing to convert the recorded data to
engineering units. Care must beexercised in the choice of calibration methods. What
appears simple and desirable from an instrumentation point of view can have a large im-
pact on the ease or difficulty of data processing. For example, a piecewise linear
calibration curve can more easily be constructed by connecting calibration points than
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in trying o dewvalop a second, third, or higher nrdcr curva. In stozing :hia calidracions
for data processing use, however, it is more effi~iunt to store the curve covefficients
than an array of many linear slopes and intercepts.

. Calibrations muat be verified prior to use in prucessing, generally by produc-
ing a plot* which can be quiakly scinned and uswed for luter refsrence. The calibrations

‘must be entered in%o a data base or file for use in conversion ¢f the recoxded data to

an engineering units output.

This data base may be structured o contain all nalibratiors parformed during
the lile of the program or limited to only current calibrations. The prime factor in
deciding on the type of msasurand data base (called a "Project History File" at the
AFFTC) is the axant of storage file space available. 1In either case, the calibrations
mist be kayed against a specific test nunmdber for proper sequencing during data produc-
tion. Where the file space is limited and only "current" calibrations are maintained
ready for accesa, care must be taken to insure a match between calibration and test num-

ber prior to processing.

The use of calibration plots, created from the values in the mezsurand data
base, are strongly recommended to avoid the problems of transposed digits, values, or
decimal places. Scanning a tabular listing does not lend itself to discovering such mis-
takes. A plot is considerably more reliable.

The conversion of raw flight test data to engineering unit data depends upon
many items to determine what techniques will he used; such as transducer characteristics,
instrument calibration method used, and type of data recording system. (Paragraph 7.2.1)

3.5 PARAMETERS
3.5.1 Identification

The parameters for which data is to be recorded and processed must be identified
and the accuracy and frequency response for these parameters are used to select the
transducers and data acquisition schemeé. A meticulous form of bookkeeping must be used
for parameter identity, location in the recording scheme, and the calibration information
associated with the parameter. A measurand data base or data file is usually developed
which contains this basic information as well as a history of changes in location or cal-
ibration. This permits processing of data from past as well as current tests. A single
data base permits the extraction of .information required to configure real time proces-

sing and display systems.
3.5.2 Combinations

To reduce the amount of data processing, it is prudent to identify selected
groupings of those parameters required for particular configuration or a desired specific
test of the aircraft. For example, during a speed power maneuver the parameters associ-
ated with the aircraft stability would not be required. Likewise for a stability
maneuver, engine pressures and temperatures would not be required. This will avoid pro-
cessing data not related to a specific test.

3.5.3 Rates

It is conventional practice to record data at much higher sample rates than re-
quired for normal analysis. This provides for the ability to expand the area of interest
in case of problems. Since most test data today is recorded in a format which is differ-
ent from that used in the computer, the “"decommutation" of the data from the recorded
stream offers a convenient place to start in the reduction of data proceasing volume.
Only those parameters of interest should be transcribed and then only at the minimum
sanple rate consistent with the next stage in processing or the final output. 1In addi-
tion to parameter selection, there are several "data compression” techniques which may
be employed. At the AFFTC, "PSAMP," for example, is a function which periodically sam-
ples the data at a lower periodicity than recorded. A "ZFN" algorithm is one which will
only select data values whose least significant bit or "N" least significant bits change.
Combinations of compression algorithms are also possibie. ’

3.6 ° SOFTWARE SELECTION

For a flight test program which is to be conducted at a large test facility,
there should be available a library of "standard programs" which can be used. Care must
be exercised in such a selection to avoid an overly complex solution to a minor problem.
Since most of today's engineers receive a grounding in FORTRAN and digital computer usage,
there is also the tandency to ®write a little program to do what I want." This approach
can very rapidly turn a flight test engineer into a data engineer who spends the bulk of
his time trying to proceas, rather than analysze, data. Judgement must be exercised for
trivial tasks which can take longer to describe what is required than to do the job.

Most large test facilities have a software development organization which is
responsible for the coding and checkout of new software or modification of existing soft-
ware. BSuch service does not come gratis, since the aircraft test enginesr must develop
the program specification document which outlines the egquations and mathematical taech-
nigues to be used, along with assumptions and constraints. This tailoring of the soft-
ware can be done manually or through the use of adaptive, higher-order programming
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languages and techniques.

Besides selecting software to perform the test data processing tasks, the pro-
gram manager should also becoms familiar with the status reporting and tracking systems
which are in use at most large test centsrs. This software uscvally will provide current
:o:eo l:d charges and should also be used to track the status of processing raquests and

ata output.

3.7 DATA PROCESSING CONTRACT

The support required to produce the necessary flight test must be clearly da-
fined and understood by both parties, the test engineer and the data processor, in a
formal data proceasing contract. The urge to procrastinate in defining requirements,
characterized by "do it just like the last test" or "I know of a new system that can ..,"
can lead to frustration on the part of both parties. The project requirements must be
clearly d=fined, within the capabilities of the hardware and software, and acknowledged
by both the requestor and the data processor. This iterative process involves consider-
able education, bargaining and revisions. Changes to requirements and support methods
are inevitable, but they must be controlled to permit sufficient time for the developmant
of the complete data production flow and preoperational validation of that flow.

3.7.1 Program Introduction Document

This document (variously titled as Support Request, Project Proposal, etc.)
outlines the scope of the test program and support requirement in general details. It
is, in effect, a solicitation of support from a test center or organization. In most
cases, it is not couched in the jargon of phrases familiar to the data personnel pro-
cessing and must undergo further expansion.

3.7.2 Test Concept

A Test Concept should be formulated by the organization which is to be
respoasible for the conduct of the test. It translates the Program Introduction Docu-
ment into the language which is more familiar to the test engineer and instrumentation
engineer and reflects the ideas or concepts of the test conductor (or project manager,
project engineer, project pilot .....) such as flying hours, type of test (performance,
flying qualities), number and type of parameters, support requirements, etc. Prior to
the actual start of testing, this document is expanded into a detailed Test Plan.

3.7.3 Data Processing Concept

The astute program manager will marshall his engineering and instrumentation
forces and then attempt to translate his needs, wants, and desires (the Test Concept)
into the even more esoteric language of the data processing community. This enables
the manager to modify the overall concept in the early stages based upon the limitations
or capabilities of the available instrumentation systems and the data processing center.
For example, real time presentation of data, rates, simplified calibrations, hardware
capabilities, and cost (in either operating or development time and money) become
totalled. A careful differentation must be made between what parameters are to be re-
corded at what specific rate for the case of catastrophic incident investigation
versus what parameters will be required for the model case. Data acquisition and pro-
cessing can account for forty percent of a flight test program's budget in today's
environment of high quantity, high rate instrumentation systems. Attention to details
in the conceptual stage can yield great benefits once into the test.

3.7.4 Data Processing Plan

As the test period approaches, the Data Processing Concept should be amplified
into a firm plan. The primary difference between the two documents is that the plan
contains spacific responsibilities for specific events (e.g., who delivers the magnetic
tape from the air vehicle to the data processing center?). This detailed plan is
especially important in a large government test facility where multiple flight test
programs are being conducted simultaneously. Just as detailed flight profiles minimize
unproductive flight, so a detailed Data Processing Plan minimizes excessive data pro-
cessing runs, reruns, and turnaround time. It must be a clearly defined contract between
the test agency and the data proceesing facility.

DATA
PROCESSING
CONCEPT

DATA
PROCESSING 1
PLAN

PROGRAM TEST
INTRODUCTION. PLANNING
DOCU REVIEW

TEST
CONCEPT
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4.0 THE CONPUTER (Reference 8)

This section covers the basic operation of a general purpose digital computer.
Its primary purpose iz to refresh the memory of the newly graduated engineer and to fill
in more apaces for the senior engineer who has become less familiar with basics over the
yoar:. The engineer well versed in computer operation may elect to skim through the
section.

Computers are controlled by reference to a list of instructions which sets out
in complete detail and in crder, step-by-step, exactly which operations are to ba per-
formed. This list of instructions is called the program. A typical computer instruction
contains two parts: function and address. The function statement indicates what is to be
done (e.g., ADD, SUBTRACT). Large computers contain a library of the most commonly used
functions in the instruction set or order code. The address part of the instructions in-
dicates where the guantity to be operated upon (the opearand) is stored.

4.1 BITS, BYTES, AND WORDS

The list of instructions (program) and the data are held in storage in the form
of binary digits, which is abbreviated to "bits". Binary representation is natural to
conpg}ars since electronic equipment can discriminate reliably between two states - on
or off.

Data can be composed of latters, numerals, punctuation marks, or other symbols
which are called “"characters". In practize, this data is processed in chunks which are
known as "words". Depending upon the design of a computer, word length can very from
eight to sixty-four bits. One computer word camn be used to represent a binary number, or
it may be divided in_sactions of eight bits call "bytes". Since the eight bits in a byte
can be arranged in 2° or two hundred fifty-six different ways, a byte can be used to
repcesent characters in common use.

For numerical data, four bhits can be used to represent a decimal digit (e.g.,
binary 0010 = decimal 2; binary 1001 = decimal 9). Use of a separate group of four bits
for each digit of a decimal number is called "binary coded decimal"” or BCD (e.g., decimal
number 1234 can be represented in packed decimal form by two bytes: 0001, 0010, 0011,
0100). Using all of the combinations of four binary bits will permit numbers to be ex-
pressed in hexadecimal form (digits in the base of 16) . Current instrumentation formats
make use of the octal representation since 8 is an integral power of 2, conversions to
binary are simple and each octal digit converts to three binary bits. Decimal to octal
conversions involve less work than decimal to binary (and hence less error) and the sub-
sequent conversion from octal to binary is trivial.

The number of bits in a computer's word and the way in which the bits are allo-
cated determine the precision with which the numerical data can be handled. A typical
word of thirty-two bits can handle an eight digit number in packed decimal form or a
binary number of thirty-two digits. When the precision cffered by one word is insuffic-
ient, adjacent words can be linked together for double length or "double precision"
arithmetic. Many calculations involve negative numbers and fractions. Sign can be in-
dicated by using one bit of the word (e.g., 0 = 4+, 1 = =), Fractional numbers can be
handled provided a standard position for the location of the decimal (or binary) point
is selected. A common convention (fixed point) places the point at the extreme left-
hand side, which makes all numbers in the computer leas than one.

To avoid the problems of scaling and overflow associated with Fixed Point, use
is made of "Flosting Point" notation where the word is divided into two parts. The first
part is a fraction called the mantissa or fixed point segment. The second part is an
integer called the characteristic or exponent. There is some loss in precision when
using floating point bacause the precision depends upon the mantissa and number of bits
it contains. Providing the exponent is not too small, it is possible to cover a range
of magnitudes wide enough to make scaling unnecessary. When two very small numbers are
multiplied, the product may be too small to be represented by the available exponent.

4.2 BASIC COMPONENTS

Most computera are segmented functionally into: (a) input and output services;
{b) Central Processor Unit (CPU); and (c) auxiliary storage. Items other than the CPU
are also lumped under the generic term "peripherals".
4.2.1 Central Processor Unit (CPU)

The CPU can be subdivided in three main segments: the Control Unit; Arithmetic
Unit; and Muin Storage.

4.2.1.1 Control Unit

The oontiol unit regulates all other parts of the computer. It extracts the
instructions one-by-one from the stored program in proper sequence, decodes the instruc-
tions, and initiates the indicated action.
4.2,1.2 Arithmetic Unit

The arithmetic unit performs the series of instructions (from the program via
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the control unit) on the data. As well as performing the arithmetic operations of add-
ing, subtracting, multiplying and dividing, the unit can also perform logical functions
such as comparing two items of data for identity or determine which is the larger. The
data operated upon need not be restricted to numbers, since the data is composed of
strings of bits which may represent a binary number, a packed decimal number, letter of
the alphabet or any other designated symbol. The unit will switch and combine these
trains of electrical pulse according to the rules of arithmetic or logic in order to gen-
erate an output train which corresponds to the desired results.

4.2.1.3 Main Storage

Main storage contains the program, current data, and partly finished results.
It is divided into sections called "locations,” each of which is able to hold one word
and identified by a unique number known as its "address." Nost cora storage today is a
lattice of small magnetic "donuts" capable of being polarised in one of two directions.
Replacing this ferrite storage now are large scale integrated circuits, with “magnetic
bubbles" as a future possibility. The search is for faster access time, achievable
through smaller segments, shorter signal distances, and higher packing density. This is
important since in most designs the speed of the computer is set by the speed of storage
access. Today, a storage with a range of four thousand to one hundred million bytes can
accegs any specified location within 0.2 to 2.0 microseconds. New storages have nanosecond
(10=9) access times.
4.3 PERIPHERALS

Peripherals are auxiliary hardware used to enter programs and data into the CPU,
extend the amount of storage, and present the output in a usable form. A "buffer” is a
storage device used to compensate for widely disparate speeds of different devices. This
pernits a relatively slow card reader, for example, to input instructions into a computer
at the rate of one card every sixty milliseconds when the computer can transfer a card of
instructions to storage in one millisecond. The instructions are loaded into the buffer
at a card reader speed and then accessed from the buffer at CPU speed.

4.3.1 Input

The set of instructions unique to the planned computations, known as the job
program, can be input into the CPU by a deck of punched cards via a card reader. Data
to be processed can also be loaded via cards, but more suitable media for large amounts
of dala (as would be appropriate to flight testing) are paper tapes, magnetic tapes,
cassettes, disks or disk packs. A remote job entry terminal usually consisting of a
specialized keyboard and cathode ray tube display may also be used for program and data
entry. A control console, either at the CPU or a remote terminal is used to transfer
control of the computer to the first instruction of a loading program (already permanent-
ly stored) which causes the job program to be placed in known locations in storage. The
operator then transfers control to the first instruction of the job program. Where there
are many peripheral units, a small special purpose controller (front-end computer) is
used to regulate the traffic between the peripherals and the CPU and is typically respon-
sible for control of the communications network, queuing of messages, handling of
priorities, input data transfers, and interrogation of files.

4.3.2 Storage

In time-sharing computer systems, the main storage is extended by means of fixed
disks and exchangeable disk packs. This extended storage is organized and controlled
such that each user sees only a single level storage. The controller anticipates the )
demand for data and program segments by transferring them from the disks to the main :

storage ahead of the requirement. The unit of data which is transferred is called a i

“page” and typically contains a few kilocbytes. This hierarchial storage is also known
as “"virtual memory® and acts in such a way that the user feels he is the sole occupier
of computer storage.
4.3.3 Output

Output peripherals can take saveral forms:

e Printer output such as line printers, electric typewriter {10 characters/
second), and typssetter.

@ Graphical such as cathode ray tube display and automatic plotters.

® Storage such as magnetic tapes, magnetic disks, microfilm, micro®iche,
punched cards, and punched tape.

4.4 FILES

Files are records arranged systematically in an orderly fashion. Content is
dependent upon the nature of the job which the file is to support. The arrangement of
a file depends upon the operations which must be performed on the contents and the
technical characteristics of the squipment to be used.
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4.4,1 File Organization
BIT Binary Aigit.

YTES] Bight bits which can represent one letter or two packed decimal digits.

TIELD| String of bytes that represents one complete item of data.

RECORD| Set of logically related fields.

BLOCK{ Set of records determined by computer hardware requirements rather than a logi-
OR cal relation between the records.
SECTOR

4.4.2 Types of Files
® Single-User File (job oriented).
e Data Base Files (same data, different users).
® Public Files (shared with other users).

4.4.3 File Changes

Data changes are accumulated on a “"change file" which i# used to update the mas-
ter file. Magnetic tapes must be updated serially and are amended by creating a new data
tapei Disks can be updated sequentially by identified fields and are amended by over-
writing.

4.5 DEDICATED, CENTRALIZED, AND DISTRIBUTED PROCESSORS
4.5.1 Dedicated (Specialized) Processors

All good engineers and program managers recognize the validity of consolidation
of resources and control - as long as it occurs on a level just beneath them! There is
no argument that from the viewpoint of a person responsible for test that the most de-
sirable course is one where a dedicated computer system (processor) is available for
sole use. And for a specialized task (flutter analysis, real time display), such a use
today is both practical and economical. Today's rapidl{ developing field of so-called
"mini-computers” makes possible the use of many specialized computer systems. However,
what one gains in exclusiveness, one gives up in flexibility and throughput time since a
mini-computer cannot compete with a large-scale computer on a one-to-one computation time
or storage capacity.

4.5.2 Centralized Processors

Where the volume and diversity of computer processing is large, a central pro-
cessar is used. "Time-sharing" is employed where the CPU appears to be working simultan-~
eously on many jobs. In actuality, the CPU uses the difference in access speeds batween
itself and the peripherals to load a segment of data from one peripheral, while operat-
ing on data loaded from another peripheral while dumping output from still another job
to an output peripheral. This is the arena of the modern large computer usually complete
with attendant systems analysts and aoftware specialists. Until the introduction of the
mini-computers, the trend in computers was to larger and larger centralized systema with
faster access time and time-sharing operation to increase utility and minimige individual
job coats.

4.5.3 Distributed Processors (Reference 9, 10 and 11)

Data processing tasks in support of flight testing are not uniform in volume,
complexity, and throughfm: time requirewments. Today's natural growth is toward a dias-
tributed systems combining the wodern large computars, specialiszed processors, and com-
munications controller. This gives the flexibility of stand alone operation for specific
tasks (e.g., real tima) and the synergistic operation of the computer segments together
in a network. A typical distributed system employed in The Netherlands ia shown in
Figure 4-2 in which the levels are described in Pigure 4-1:
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The planning of the sequence of operations in advance is known as programming.
The sequence of instructions created is called software. Software is the key to the
power of the digital computer, enabling one computer to perform a variety of tasks. It
parnits modification of a data prooessing sequence to meet an unusual requirement or
#0lvea a problem area. This flexibility is both a blessing and curae. It allows for
rapid change, but also sncourages constant “just one more refinement® changes.

Stored rrogtuunq operated on the principle that the data to be manipulated
and the instructions for thei: manipuletion are stored in Lthe same medium and are indis-
tinguishable. Tha inatructions for the machine are expressed by numbers which are stored
the same as the numbers for the data. It is not possible to tell, just by looking at the
numbers in storege, which are data numbers and which are instruction numbers. A computer
instruction is a word of information that provides momentary ocontrol of a computer. The
instruction has two parte: the Opearations Code (op-code) specifies the action to be
taken (e.g., add thu ocontents of some other word to the acoumulator); the Address indi-
cates vhere that other word of information ia 2 be found in atorage. A "routire® is a
set of instructions used in a cycle of operation.

} The routine also gives the ability to break out of normal sequencing in a
. straight line to any arbitrary point under coatrol of the oconditions of the probleam as it
develops. (Bae Pigure 5.1)
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5.1 PROGRAMMING FLOW

Prior to the use of software in production, there are several sequential pro-
cesses in the progrumming phase:

S.1.1 Analysis ' ]
At this stage, the programmer must ask several questions: '

L 1 e Is the problem worth doing? (Mas it been solved before and is a software
2 package available?) . !
. i

® Do we know a way to do it? (This would be contained in a set of program
specifications furnished by the test engineer.)

¢ What precisely, are the inputs and cutputs? (Again, this information should
be contained a specification document.)

® Are parts of the praoblea rlroady programmed?
¢ What lanquage should be used?

s.1.2 Flowcharting

A flowchart is a blueprint of the logic of a problam. It is a drawing made up
of syshols connected by straight lines which lays out the logic of a problem solution.
It is used to break up the ution so that during "ocoding® the programmer can focus on
one detail st a time. Flowcharts are also used to simplify communications between engi-

neers and programmers.

5.1.3 Debugging ;

Debugging is the entry of the programmed instruction into the computer and by
actual machine passes the programmer determines if the instructions will execute properly.

If not, the necessary corrections (debugging) mast be made.

5.1.4 Testing

Using known inputs and having available the expected ocutputs, the progranmer ,
must determine that the problem being solved is the one we wish to solve and the program ;

i
e
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is satisfying the progran lmtfteleleni.
$.1.5 . Doocumentation

' AS with othar endeavors, the job is not complete until the paperwork is dcne. The
solution should be documented for others to use and should include as a minimum:

® A statement of the problea in coloquial language.
e Flowcharts,

e Symbolic listings and core dumpe.

¢ User Instructions.

e Test cases and sample results.

e BError conditions.

@ Any history of use or trouble.

5.1.6 There are saveral axioms which must also be kept in mind during the development
OX & pProgram.

e Rvery program contains at least one buj.
e 1If there is a bug, the computer will f£ind {t.

¢ Every program can be made shorter and be sade to run faster, which will foster
the atmosphere for coanstant change.

o 1f anything oan go wrong, it will.
5.2 LANGUAGES

All computers manipulate numbers using a repertoire of operation codea wired in
at time of construction. This msachine language is awkward and difficult to use for the
general user of the computer. As a result, a hierarchy of languages has been developsd
with the goal of permitting the user to list his segquence of instructions in a language
close to that used in his discipline. These languages in turn produce (compile) the
sachine code. The conventional hierarchy is, in ascending order:

5.2.1 Machine Language

This ia the code of the computer itself and gives direct accsas to the machine.
sach and every instruction must be carefully stated in proper sequence. The Alphabet of
this language is 0 ard 1.

5.2.2 Interpreters

An Interpreter is a subroutine whose function is to control the execution of a
battery of other subroutines. An interpreter translates instructions from noh-machine
language to machine language and executes the machine language iwmediately before pro-

ing to the next piecs of translation. An interpreter can be used to simulace the
operation of a different computer.

5.2.3 Asgemblers

Asgembly language is characterised by paralleling the format of the machine's
language and is machine dependent. Generally, the conversion from assembly language to
machine language is one for onc. that is, one instruation in assembly “"""2‘ yields
one exacutable machine instructiun. Nnemonics are now used for instruction in place of
nusbers (e.g., CLA - clear and add, SUB - subtract).

5.2.4 Compilers

Caompiler langyuage provides freedom of format and creates many machine inatrue-
tions for each source statemant. The format of these statemsates will not parallel the
format of ug sachine. The oquu is easentially a machine-independent language.

The overall bulk of today's applications programming is done in compiler languages,
FORTRAN (FORmular TAAMelation) is the most commonly used compiler language for engineerx-
ing purposes; however, the U.8. Department of Defense is attempting to standardize on two
versions of Higher Order Languages (NOLS).

5.2.8% Generators

Generators are programs for specific tasks (e.g., file maintenance, sorting, re-
port writing) whose input language i3 the parsmeters of the problem. The generating pro-
gram creates & nev program to perform the task.

5.2.6 Specialiszsed (Problem-Oriented)
Specialized languages are nearly always compilers and are created for specific
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problem situations (e.g., simulation - SINBCRIP, list processing - LIST).
$.3 PROGMAN LIBMARY

Nost test faoilitish maintain a library of developed software programe. A
typical grouping would be: P

3$.3.1 Generelined Application

This would include softwvars which makes the computsr perform an appliocation
function and ave for wide-spread or general use (e.g., routines which transfora dnta).

s.3.2 Project-Unique Appliocation

This woftware would include special merges, unique transformations, or classi-
fied routines which will not be available to general usage.

$5.3.) System Software

System software is any soitware which makes the computer system operate indepen-
dent of manual operation and inzcludes executive operating routines, Job Control Language
(JCL) , device operating routines, standard language compilers (FORTRAN, BASIC, COBOL ....),
assemblers, lvaders, and input/output (I/0) routines.

5.3.4 Applications
For flight test programs, two generic systeas are usually used:
$.3.4.1 BEngineering Units Conversion (First Generation)

This grouping covers the conversion of "raw data® through the application of
calibrations to produce an ocutput scaled in engineering units, generally as 2 time hie-
tory. .

5.3.4.2 Analysis (Second Generation)

This software performs the actual enginesring analysis, generally using first

gensration output as input. Categories are frequently Flying Qualities, Performance, and
Alrcraft-Specitic.

5.4 FLIGHT TEST UNIQUE UATA PROCESSING PROGRANMS

The overall format of any given data processing system is largely dependent on
the type of data to be analyzed and the overall system considerations for the use of that
dats. We shall now consider a series of typical data processing praograms vhich are wide-
ly used for fliglc test work. Thers is no intention that the programs quoted are fully
coaprshensive, although it is worth remsmbering that they are tvpical of many systems in
currant urs.

We aay consider three basic sexiea of programs which can be used together to
provide an overall integrated data processing system or can be, and are, used individually
in particuvlar applications. The first of these is generally concerned with tha task of
producing a data base, either as a computer compatihle tape or in the form of a disk file.

5.4.1 Englineering Units Proceasing

Plight test data, whether from telemetry or on-board tape recorder sources, is
prugrammed through a series of stages to provide final data in engineering units, either
for rec~vd pirposes or for further proocessing in-house or at other organizatioans. This
system wonsists of a series of programs, each with one or more files of information re-
lating to f£light %est activities or files directly supporting the final analyeis pro-
gcans. Some of these programs are independent of other sources of information and these
can be added to the syatem as required. Other programs, however, are related to esach
other and to final analysis programas which will be discussed later. Typical programs
are used to provide preflight ocontrol information, system and instrument calibrations, to
majintain instrumentation project history, to control data editing and data compression,
and to correlate airborne data with other sources such as ground data and internal files.
The end product ia all cases is a data base in engineering units for use in subseguent
procesaing though in some cases this might be the uiltimate r.lrpolo of the analysis system.
Trypioal programr usei in this phase are discussed in Appendix I.

S.4.2 Analysis Processing

Thia phase is normally found in batch processing systems and is used to process
test data recorded on magnetic tape or disk. Soms of these programs can be operated
separately using the calibrated data from Enginesriny Units phase while others operate
as a system of integrated programs. The primary function is to conduct standard repeti-
tive calculations of data or special calculations defined for the particular flight
trisl from selected test data. The output of most of these systems is in the form of
tabulated listings or plots and special programs are available to handle this particular
aspect of the analysis. Typical programs are discussed in Appendix I.
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$.4.2 Real Time Procesasing

A number of systems have been developed where either the airborne information
is transmitted to the ground by telematry or the flight data is processed in flight on
the aircraft to provide real ¢ information as discussed sariier. The basic programe
used in these types of systems are very similar to those described above for EBngineerin
Units and Analysis but because of the problems !nvolved in these systema, special consid-
srations have to be covered. ter oriented data systems of varicus siszes and cowplex-
ity have becoms a necessary tool for the collection verification of test results.
The data tem using real time processing can handle this sort of information very flex-
ibly and essential requirement of this data is to be able to provide, either on-
board, or on the ground, a real time monitoring system. Bssential taasks for such a sys-
tem oan include the abllity to display in Engineering Units any ‘aleters being recorded,
and to provide the ability to parform rethematical camputations for advanced analysis
and to display the results. On-line or real time processing can, however, be constrained
by storage avanmut{, throughput time, or machine limitations such that calculations
may be truncated, smaller word iangilhc requivad or calibrations simplified. The result
of such compromises can be a "difference” in data values produced in real time and those
derived in a post flight mode. Typical programs are discussed in Appendix I.

s.3 PROGRAN SPACIFICATIONS

At large flight test facilities, a software program library is developed and
maintained bi a specialired cadre of mathematicians and ineers. The role of these
specialists is to translate the discipline engineer's requirements into an opsrational
software zam by writing a new set of software, modifying an established set, or using
an established program as written. The success of this software depends to a large ex-
tent on the succeas of communicating the requirement. It is socmsvhat like a world
traveler in a restaurant in a foreign land requesting a dish in his own language. The
probability of successfully obtaining the mesl depends on the complexity of the desired
dish, availability of redients, equipment, and difficulties in language communica-
tions. The more definitive the description, the better the software. This definitive
description should be contained in a Program Specification Document which acts as the
contract between the flight test engineer, the instrumentation engineer, and the pro-
gramming expert. Bven if the discipline angineer is the ons to write the program, a
rigorous approach will produce a better set of instructions than blindly starting to cole.

$.85.1 Format

The format for a Program Specification Document should contain:
e Identification of the task. 3
¢ Listing of responsible personnel.

o Description of the regquired computations.
¢ Input description.

¢ Computational procedures.

e Output requirements.

To best illustrate the specification, a copy of a recent specification for a test at the
U.S. Air Force Flight Test Center is shown in Appendix II.

5.6 MAMAGENENT CONTROL OF SOFTMARE DEVELOPMENT

A significant problem in software development is the control of the human re-
sSources, CoOmMpuUter remsocurces and development time. This difficulty is often due to the
lack of uniformity in the development approach and inadequate software configuration

management .
5.6.1 Development Approach

The general feeling today is that software production is still more of an art
than an cnqmcung science. It is strongly dependent upon the approach, expsrience and
capability of the individual p ammer. Development techniguss such as “structured
programming,” “modular conatruction,” and program verification techniques are bringing
a measure of order to the task.

e eI vy e vy
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5.6.2 Configuration Management
The major cbjectives of software configuration management should be:

® To describe at each time the current configuration of the software system
(configuration ideatitication).

e To assure that ch s made to this configuration are necessary, reflect a
thorough consideration of all interfaces affected and represent an optimal
trade-off among performance, oost and schedule (configuration coatrol).
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® 70 record and report effoctively the technical status of the software develop-
ment products (configuration status accounting) .

An sxcellent review of software management control techniques can be found in
Mferxences 12 and 13.

6.0 THE PROPLE

The sise and complexity of any Ilight test organiszation will depend on the num-
ber and types of projects which it is currently called on to handle and the sise and
importance of those projects. Flight test engineering cuvers a wide field from tle ulti-
mate complexity of space flight planning down to tha flight test on a single light air-
craft. Consequently, it is only possible here to give a general idea of the type of
organization which will be necessary and an indication of the typical staff who may be
enployed in such an organization. As discussed earlier in the system plannin; phase of
the ram, it was indicated that in some cases pn—procuu:z and ooxnnt jon rhuu
are led in different organizations. This, again, will lead to a differance in the
approach to the organisationa) planning of the system. Finally, we shall consider the
handling of data within these organizations from the point )f view of the overall capac-
ity of any given system to process and svaluate the mass of dat: which is normally re-
cerded in flight test work.

6.1 ORGANIZATION
In a £light test facility, there are a number cf weli-defined functions associ-

ated with the test flight of a new aircraft or installation cn an aircraft. These in
general encompass the following:

o Flight Test Engineering or Project Engineering
e Engineering Services
® Data Processing

e Technical and Development Rngineering

& Plight Test Aircrew
6,1.1 Flight Test BEngineering or Project Organization

This unit is normally responsible for the planning of any flight test on an air-
craft. They are responsible to the aircraft projest manager for the conduct of the
flight test and for the spacification of the various requirements in the flight test plan.
This can be a very extensive program of work when a large modern aircraft system is in-
volved, or it can, in fact, be one man who is the deuigner of a new light aircraft.
This organization is responsible for program managemint of any selected program for:

@ Performance and Flying Qualities

® Systems Engineering Testing

o Human Factors Testing

In the case of aircraftor systems vhere specialized testing is required, this organization would
perform necessary liasonwith the Design Departmeat concerned with such specialized testing.

6.1.2 Enginee:ing Services

This organisation plans, coordinates, operates, and maintains the data acquisi-
tion systems in support of the test program. It also plans the use of ground facilities, ;
aspecial instrumentation, and r data acquisition (i.e., telemetry, radar, photo-optice,

etc.). In fact, its responsibility covers the whole range of the technical instrumenta-
tion requirements for a flight trial. Typical sub-sections of this unit are: i

¢ Range Managemant
® Airborne Instrumentation
¢ Photography
® Aircraft Modification Engineering
6.1.) Data Processing
soquired Guring FL1Ghe Leiale Prom both eirbarne ond grownd hased facilities. It operates o

the data processing facility and is responsible for the continual development of that .
facllity to meet test regquirements. s organization will normally ocoatain a software : .

development organization in support of the data processing facility. Typical branches in
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such an organisation are:
o Computer Operations (Processing)
® Software Development
® Data Production Analysie
6.1, 4 Technical and Development Engineering

Any organization set up to handle modern flight test Jata analysis and flight
instrummtation projects neads a development organisation which can look into the future
without the day-to~day problems of a vast throughput of flight test analysis work. Typ-
ioald srobl.n this t oouid be asked to solve are new flight test tulmig\uo. new
e and procedures for carrying out the flight ests, and the technical developamsnt
cf nevw ecuipment and instrumentation in support of flight test work.

6.Y\.3 Flight Test Aircrew

The test pilot and flight test engineers will normally be part of the organi-
sations above. Nowever, it is conveniant to consider them separately as they sach have a
vital function to perform in any flight test organization. Ultimately the planning and
ooordinacion of all the teams on the ground dapends on the seleution of suitable flight
test l. PFor this reason, test pilots receive a very extensive and specialized
training, and ideally, the flight test engineers ahould be similarly trained for the role
they have to perform. This is normally the case in large flight test organisations but,
all too often, the training of these 7..rsonnel is neglected in smaller flight test teams.
It cannot be over-emphasized that the ultimate success of the nperations depends on prop-
er training for these personnel.

6.2 COORDINATION OF THRE OPERATION

All too often, the teams mentioned above are not properly coordinated in the
performance of their duties. The coordination function rightly belongs with the project
ehgineer involvad on any particular £iight test, and arguably the best approach to chis
problea is to usa the main anizations in a joint inter-related fashion. Choosing key
personnel from each organization, form a small liaison group to ensure that the proper
feedback and interchange of information occurs.

In many flight teat organizations, this policy is not followed and a functional
alignment is used as an alternative. This can be regarded as the serial approach where
the Flight Test engineering organisation states its regquirements to the Engineering
Services organization who, after the Flight Teat, hands its information to the Datu Pro-
cessing unit. This approach can very often be counter-productive in that the Data Pro-
cessing personnel are frequently not properly aware of the nature of the requiremen:s of
the project ongineers and flight test engineers, leading to a situation where the type of
processing «dopted ie not compatible with the data that is being sxecuted.

6.3 TYPES OF PERSONNEL

Flight test work involves a very wide range of skills in the personnel employed.
We shall now consider in some detail the categories of peracnnel who should be used in
the various oxrganizations.

6.3.1 Flight Test Engineering and Project Personnel

Personnel in this organization are basically tasked with the overall planning
execution, and raporting of the flight test. It is, therefore, essential that they
should have engineering background in the area of the test. If this encompasses
the maneuvering of the aircraft in flight, a knowledge of aircraft design and/or flight
dynamics is esamsntial. If the system under test is an avionics system, then these per-
sonnel ahould have a sound knowledge of the basic system which they are being asked to
test and of its basic operational characteristics. For example, if a radar set is under
test, ¢ should have an extensive knowledge of the limitations and performance
charactaristics of radar equipment in order that the test can be properly designed and
oconducted. Personnel are usually sercnautical and electronic engineers.

6.3.2 Instrumentation Personnel

This is one of the most difficult areas of recruiting staff for flight test work.
All too often the assumption is made that instrumentation inatallations can be carried
out by any competent electronics engineer. This frequently leads to trouble in that the
installation of instrumsntation systems is an important as any other phase of flight test
work .

Raference l4 notes that great care has tobe exezrcised in the use of inatruments
and transducers in the aircraft environment. The training of engineers in this field,
therefore, is of supreme noce, otherwise it is very easy to proacuce a load of mean-
ingless data which, to the ienced data analyst in particular, looks genuine. The
training of zum test instrumentation engineers has tended to be conducted "on the job*
and in only a iimited number of cases have specific training courses been used for these




persunnel. The Prench .n particular have used courses fo1r training flight test instru-
martation engineexs but, in general the pytcess has been to take quilified electronics
eng.nears and to let them l.arn by their mistakes and from other team members while work-
ing on spesif:c projests. This can produce, and has produced, very successful flight test
iastrureat englineers but {t can lead to a situation vheoe the enginser's view of the
probler can wund ie limitcd by his axperience. Thus, one finds that there are significant
Jifferences in appreach to the same problem by different flight tsat organisations be-
cause each has dsvulopad ite philosophy independently from the others. There is a very
detinite 2med, thar2fcae, in planning a flight test organiaation to wmake sure that the
instrumsntation enginears used have the wideat possiltla . xparience ani for them to gain
that experience from as many ditfsrant crganimatiuns as possible. Even in soms of the
mjor organitetions at prescut enza?od in flight test work, an svaluation of replies to
queationnaires indivate very signiticant di.:earences in understanding of common instru-
mantaticn problems among thase personnel. There is no sasy anawer to thies problem be-
Gause of the limited rwibar of specific couisss in many countries. Such coursea do exiat,
in France, the United Kinydam, and in th¥~United Statem. For this reason, it is easen-
tial that the flight tust enginecr astablishes a very close relationship with the instru-
mentation snqineer to snsure that they have a clear understanding of the physical nature
of the msasuremunts they aru planning to meke and of the limitations imuvosed on those
measturements by the atructure ard the environment in which the tranaducers have to be
mounted. A flight tast engiueer who, by his axperience, knows how to tackle them can en-
sure that the data gath on & flijzht test is meaningful and valid.

6.3.3 Gata Processing Pe:raonnel

In the majority of cases today, even on small installations, data es8ing
will at s7me stage involve the use of a digital computer. In the small n r of cases
whore this is not 30, it is usual for the analysis (normally through the reading ot
trace records) to be carried out by the flight tast engineer himself. In these circum-
stances he has a rsascnable understanding of the limitations of the data he is consider-
ing and can, therefore, be expacted to draw reasonabl: conclusions from the results of
his analysis. 1In the majority of cases, however, the analysis phaze of prucessing is
conducted in a digital computer and the personnel manning these machines are usually com-
puter spacialists, with degrees in mathematicc or camputer sciences.

6.3.3.1 Data Amalyat

Nwh grief can be avoided through the use of a clear Data Processing Concept
and Plan, as discussed in Section 3. Data analysts, who are capable of analysing the
flight test engineser's requirements and the instrumentation engineexr's mechanization in
line with the capadilities of the data procsssing center, are trained principally in the
school of hard knocks. The data analyst can be drawn from any of today's engineering
disciplines since all students receive early and constant exposure to computers. Flight
teat and instrumentation engineers are a good source as they bring the expertise and
technical jargon from the other organizations. The other basic reguirement is patience
for data processing is the last atep to the final test report and inherits all of the
test program delays and frustrations. Without proper planning and verification of the
data production system, initial data proceasing runs will be beset by program aborts,
invalid answers, and delivery delays. A modern large computer facility is still at the
mercy of the input, and output can never be better than input.

6§.3.3.2 Data Operations

Large computer centers will have a staff of systems analysts, who at first
qlance appear to be charged with the responsibility of keeping data processing a deep
nystery #nd separating the user from the machine. They are, however, charged with the
important function of insuring that the computer system software and hardware function
properly. New routines which are part of the basic software must be debugged and made
operational. It ia l\l{tilinqu easy for an inexperienced data requestor to bring a large
computer system “crashing down"™ as a program hangs in an endlesa loop or consumes all of
the available storage space. The Data Operations unit wmust first of all make available to
the user a functioning computer system, for batch or interactive processing. The system
software muat be operational and user software must be reviewed to insure compatibility
with the processing machine and the organiszation's concept of operations for proceasing. :
{For example, some processing centers place limits on file lengths to insure equality to {
all time-sharing usevs). '

6.3.3.3 Software Development , §

Large flight test centers have a software developuwent organization which will
either prepare a new software program, modify an existing program, or select an existing
program to meet the test engineer‘'s needs. It has often been stated that all flight
test programs are alike, but all are also different. Care must be taken to prevent
re-inventing the wheel in data processing. The experienqgpd software developnent per-
sonnel have a basic understanding of the test engineer's requirements and will cre¢ate a F
program to meet those requirements in an efficient and complete manner. The key to good :
software lies in the preparation of a comprehensive Program Specification Document, ade- 4
quate lead time to code and debug the program, and sufficient pre-test data to exerciss |
the softwave in the complete data production loop. In smaller installations it is fre-
quently poasible for an engineer trained in flight test and instrumsntation field to be
able to handle the necessary software himself with a full understandirg of the problems
he is tackling. In major installations, this is not always possible and it emphasizes
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the need for the liaison eoinitto. discussed . .ve and for the various elements in that
committee to be able to have a working undurstanding of the techniques and procedures
adopted by his opposite number in different parts of the organiszation.

6.3.4 Alrcrew

In any flight teat situation, the people required to conduct the flight and to
operate the instrumentation and other systems (such as Avionics) during the flight must
be properly trained for the work, otherwise the work of all the ground based personnel
can be set at nought. The pilot in particular needs special training, especially if the
£light test involves the handling and mansuvering of the aircraft. These test pilots
normally resceive a very specialized training for the work in which particular emphasis is
placed on their ability to assess the response of the aircraft to different inputs from
the pilot. In particular, their report of the test is very often an essential contribu-
tion to the flight tape or the telemetered information. In aircraft where an observer is
carried or, in some cases many observers, their training must not only cover the opera-
tions of the systems for which they are responsible but also their ability to observe and
report on the general aircraft situation at any particular time. Effort spent, therefore,
in specialized training for these personnel can always show a very substantial dividend.
If they are instrumentation observers, then their ability to understand the design prob-
lems of the instrumentation is a necessary asset in enabling them to handle the aystem
during its use in flight testa. On larger aircraft where quick-look information may be
produced by an on-board computer, the observer's ability to interpret this data accurately
and rapidly and either report it to the ground for decision on the next phase of the
flight test or, in some cases, to make that decision himself is an essential requirement
to the successful completion of the flight test. Proper training and briefing for these
personnel before the flight test is, therefore, essential.

7.0 DATA PROCESSING FUNCTIONS AND TECHNIQUES

In the preceding chapters we have considered the methods for obtaining data,
and the hardware, software, and personnel to process it. The data is now available in
some form or other and it is the responsibility of the data processing personnel to pre-
sent this recorded data in a form which is acceptable to the flight test engineer or
data analysis engineer. .

7.1 QUICK-LOOK PROCESSING

Quick-look data is an essential requirement in all flight tests in that it is
usually necessary for the flight test engineer to be able to assess whether a particular
flight test has been satisfactory before the full analysis of the data is made. On such
ad hoc decisions, the continuation of the flight test program is frequently based. It
is, therefore, desirable that all the essential information should be presented as
quickly as possible in a form which enables this sort of decision to be made. Quick-
look data can take many forms.

7.1.1 on-Line/Real-Time Information

On-line quick-look information can be obtained by on-~board observers who
follow the time history of essential parameters using, in some cases, on-board computers
to provide the necessary data; or from telemetry systems which pass the essential data
to the ground where they can be displayed in real time. 1In both cases, calculations may
need to be Aone from this measured data to provide information which can be displayed to
the engineer who has to make the decisions on the progress of the test flight. This
type of system is also frequently called a real time system in that the data being
gathuved, whether in the aircraft or on the ground, is being computed on-line in real
time so that effective decisions can be made on the information governing the future
progress of the test flight. These systems are widely used for two specific purposes:

7.1.1.1 safety

Many flight tests involve a considerable element of hazard to any aircrew in-
volved in the trial, and it is, therefore, necessary on many occasions to provide a data
analysis system which is capable of presenting a ground observer with the immediate up-
to-date information on the progress of the flight to supplement the pilot's cbservation
(in some cases, the ground observer is the sole source of such information) tu ensure
that the flight test being conducted does not exceed expected safety limits. Real tine,
in context, therefore, means the ability to take effective safety action within the
minimum time scale set by the normal limitations of a data system. )

7.1.1.2 Program Sequence Control

A complementary function to the safety function is the ability to analyze the
progress of the flight test from the ground and decide what next phase should be
attempted without bringing the aircraft back to land. This function of the real time
system is complementary to the airborne system in that they are both napable of enabling
the control of the test flight to be monitored and, if necessary, varied on a real time
basis. A real tims aystem used at the US Air Force Flight Test Center is described in
Appendix IZI.
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7.1.2 Off-Line Information

In these systems, data recorded during flight, either on the aircraft or
by telemetry link, is given to the data processing facility for processing. The data is
then run through replay (playback) equipment which is capable of groducing output in a
graphical trace form or computer listing. This enables the experienced engineer to
assess the validity of the data that has been gathered. This is an area where the small
digital computer and line printer or analog trace output is extremely valuable. In the
case of analog data, the ultraviolet (UV) trace recorder is almost exclusively used for
this purpose in modern flight test systems. The off-line system is the same as real
time, except data input is from mignetic tape.

This same data can often be used to verify the operation of the instrumen-
tation system, evaluate calibration values and to identify problem areas. The medium
used can be a trace on strip chart recordings or tabulated listings of raw data values
("digital dumps®) . These can be used as valuable quality control checks before continuing
with data processing or as check points in the processing stream for troubleshooting.

7.1.3 Comparison of On-Line/Real-Time and Off-Line Systems

These terms are widely used in the data processing world and this is an
opportune place to define application of these terms. The use of these techniques has a
direct application to quick-look data but, as will be seen from paragraphs above, the
phrases can have a wider connotation. On-line systems cover any system where the flow
of data from the point of measurament to the presentation of that data is continuous.
This data may or may not be processed en route, and the final output may present data to
the test engineer in real time, in a form in which he can take quick-look decisions. On
the other hand, some on-line data will be fully processed as the test is proceeding and,
in this case, there is leas justification for the application of the real time descrip-
tion to this data because the processing time may be such that, although the data is
being handled continuously, it is not being done, perhaps due to computer time, in a time
scale which permits immediate decisions to be made on the results of the analysis.

Off-line systems similarly do not have a direct link between the measuring
system and the data processing and in these cases the transfer of data is usually by one
of the recording methods described earlier. This data can still, of course, be analyzed
quickly on receipt at the data processing center to give quick-look information which,
in this case, more normally has the function of enabling the analysts to decide on the
data which must be processed for further analyses.

The difference between these systems is, therefore, fundamental to the
design of the overall processing system and considerable thought must be given to these
elements when deciding on the system that will be used in order to cover the safety of
the crew and the aircraft, monitoring the performance of the instrumentation system,
"goodness" of the maneuver performed, aircraft systems operation, etc.

Off-line systems in genperal are more flexible in that they do not require
large ground based communication facilities which can, in the case of aircraft, limit the
area in which the flight can take place. These systems, therefore, depend very heavily
on digital and analag magnetic tape recorders in order to provide a means of transmitting
the data to the data processing facility. In some cases, where the aircraft size per-
mits, some of the computation may be done on-line in the aircraft and then transmitted
off-line by magnetic tape or disk to the data processing facility on the ground. This
is a typical example of the flexibility that is possible with these types of systems.

7.2 ENGINEERING UNITS (FIRST GENERATION)

Data processing, particularly in modern automatic data processing systems
tend to be divided into three parts; engineering units, intermediate processing (merges),
and analysis computation. Some confusion occurs at times between different systems on
the division between these areas. For the purposes of this document, we shall take the
situation where the engineering units phase ia understood to cover all the work carried
out on the flight data up to and including the preparation of the data base of computer
compatible tape of the engineering data. (Engineering data can also be described as the
recorded parameters which have been modified by the application of calibration data and
produced in a time-history format.) (Raw counts + calibrations = eangineering units.)
Generally speaking, data recorded in flight or received on the ground by telemetry link
is recorded in a format which is not consistent with a modern ground based digital com~
puter. The reason for this is that the limitation imposed on a digital computer in
terms of the cleanliness of tape and operating environment necessary for high packing
density used on its digital tapes means that data from flight sources has to be pro-
cessed before being fed into the computer. This can be done whether the information is
in analog or digital form, and leads ultimately to the generation of either a data base
on a disk file, or a computer compatible tape. It is convenient during this process to
add the calibration data to the information so that the data base is generated in true
engineering units. This has the great advantage that, where various organizations have
an interest in the flight test, the data base can be distributed to these organizations
in a standard engineering format, enabling further computation to ba conducted in the
individual facilities of the contributing organization. In modern large installations,
disk files are normally used for this purpose as the availability of the data for random
access is very much more rapid on disks rather than on magnetic tape. A typical flow is
shown in Figure 7-1.
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FIGURE 7-1
7.2.1 Measurand Data Base (Project History)

An important part of the engineering units processing system is the
measurand data base (called a Project History File at the US Air Force Flight Test Center).
It contains the parameter identification and calibration information which must be
applied to the raw data. The calibrations are usually stored in two forms: polynomial
and table look-up. (The frequently used linear slope-intercept function, Y=MX+B, is con-
sidered as a polynomial.) With the polynomial method, the calibration curve which is de-
rived from the instrument or transducer is approximated by a polynomial function whose
degree is usually no larger than fifth order. Once the polynomial is determined, only
the coefficients need to be stored in computer memory. With the use of a polynomial
function, care must be exercised that values are not obtained by extrapolation beyond
the upper and lower limits of the actual calibration points which have been measured.
Where a polynomial fit is not possible, the complete table of calibration points must be
entered into storage. Values between points are calculated by linear interpolation.

Table look-up does require more storage space and can increase the time required by the
central processor. This data base requires meticulous bookkeeping to insure the proper
calibrations are selscted for a particular test. The project history also offers an
opportunity to decrease the amount of data processing by grouping parameters of interest
to a particular test or engineering discipline and processing only those parameters.

Such 4 grouping is identified above as a "maneuver." The project history also contains

the data required to set up the real time data systems. This importance of using a :
common data base for real time and post flight processing is obvious. (Figure 7-1)
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7.2.2 Pre-Processing

The format conversion of test data into a digital tape or computer file
compatible with the central processor is performed by a preprocessor, which is generally
a specialized computer. The preprocessor “front end" is usually structured to accept a
variety of input formats. Data recorded in analog form (direct recording of FM, for
example) must be separated into the individual signals from the multiplexed stream 3
through the use of discriminators and converted into digital form with analog to digital '
converters. Digital data, on the other hand, can be encoded in several formats (e.g., A
PCM - Pulse Code Modulation; PDM - Pulse Duration Modulation) and time-multiplexed into
a continuous stream. A special set of instructions (decommutation deck) is used to
gelect the desired parameters from the data stream at the desired sample rate - which
can be less than the recorded rate. The individual parameters must then be changed
from the particular encoded format (PCM, PDM, etc.) into the format compatible with the
computer to be used for processing. (As a note of caution, a "computer compatible" tape
cannot be assumed to be compatible with all computer makes and models.) The final action
is to insura nroper assignment of timing information to the individual parameter values.

7.2.2.1 Data Compression Techniques

There is a constant trade-off analysis required between the desire for
maximum data and the cost of producing that data. The initial preference is to have all
the data recorded on a flight tape available on the engineering urits tape. When this
has been proven costly, the next step is to have all of the recorded data available on
the preprocessor digital tape and use the engineering units prcgram to compress output
volume. Volume compression can be performed in the engineering units program but the
computer must still examine each data point and make a retain/discard decision. This
uses the most expensive part of the data processing stream, the scientific computer, as
a data filter. With compression performed at the preprocessor point, maximum reduction
in processing costs are achieved. It is far less costly to digitize and produce an
event time or parameter which may have been missed on a data processing request than it
is to process all recorded data to engineering units.

H_mw-ﬁmﬂﬂ."ii.ﬁ.‘i.ﬂiﬂﬂﬁﬂﬂﬂﬂ‘ﬂﬂ.j'
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¢ Time Bditing

Raw test data is generally recorded for the major part of a flight to
provide data for the test anomalies. The data of normal interest is
somevhat less and the recommendation is to reformat only the test seg-
menta of interest. This can be done inflight by turning the recorder
off, or at the preprocessor station by selecting only time segments of
interest from the airborne or telemstry recorded magnetic tape.

¢ Parameter Editing

In most computer systems for engineering unite conversion, the software
program must consider each word of data, on tne input tape or file,

even if that parameter is not to be converted to engineering units.

This manipulation adds to the overhead cost of processing. If the
paramster is not on the reformatted tape, the workload on the conversion
computer is less. The process cf reformatting only parameters of inter-
est is called "decommutation®™ and the parameters are identified in a
decommutation punched card deck or file which is used by the ~reprocessor
as a control. The use of time and parameter editing (in conjunction
with maneuver identification in the main software) to reduce computer
running time was investigated at the US Air Force Flight Test Center
with the results shown in Appendix IV.

@ Hardware Compressors

Compression algorithms generated by specialized compressors which can
be used in addition to parameter editing and event time editing are
PSANP; 2ZFN (0); and 2ZFN (1) . PSAMP (N) compression selects every Nth
sample of the data, where N'is spacified by the test engineer. For
exanple even if a parameter is recorded at 400 samples per second, the
engineer may only need a rate of 100 samples per second for normal
data processing. A PSAMP of eight would then be vsed in the preprocessor
to digitize the raw data. The basic recorded data is still retained on
the initial data tape and can be redigitized at a higher sample rate
for events of particular concern where more data points are required.
It must be realized that PSAMP is in the nature of a brute force com-
pression, and does noc account for variation in the activity of the
data parameter. Recognizing this limitatiorn, it is an effective
technique.

The ZFN compression algorithms arz by nature adaptive sampling tech-
niques. ZFN (0) will pick out and digitize only those parameters which
change from one sample to the next. For example, ZFN (D) applied to the
discrete event parameter would digitize only that raw data associated
with movement. With ZFN (O) applied, any change in that parameter would
register and be digitized, alerting the engineer to parameter change
during the flight. Redundant 3data would be eliminated. This results

in saving of engineer effort in scanning a supposedly quiescent param-
eter for the entire flight, looking for a change.

ZFN (1) compression would permit digitizing of a parameter if the

change in data word was graater that one bit. This technique is useful
for parameters where only changes of a specific magnitude are of inter-
ast or if low bit noise is known to be present in the parameter measure-
ment, invalidating the accuracy of less significant bit.

7.2.3 Engineering Unit Conversion (Reference 15)

Engineering unit conversion was defined earlier as the application of cali-
bration data to the raw counts. At the US Air Force Flight Test Center, the programs
which perform the application of calibration form a block of records that consists of
information on the parameters required for the particular .aaneuver to be calculated.

Only the rarameters in that maneuver appear. Each parameter will have information on
parameter number, digital tape location for the inputs, conversion algorithm (metihod) and
calibration values to be used. The parameters are then sorted by parameter number and
source and each parameter is then asasigned a location in tha block called "source order
number."

The calibration programs also do some pre-calibration method processing,
time-search, auto-cal search, etc., before entering the DLC (definition, location,
calibration) record to convert the data. The conversion program then starts with source
order number one and finds the digital channel or channels required, enters the conver-
sion method, processes the channel information for the maneuver start time, goes back to
the DLC record block if calibration tables are required and then outputs the answer as
instructed by the method into an output block. The program then goes on to source order
number two, three and so on until source number N is reached. It then restarts with
source number one for the next time sample and continues these cyclas until the end time
of the maneuver is reached. The program then searches for the next time sample and con-
tinues thaese cycles until ths end time of the maneuver is reached. The program then
searches for the next event time and starts all over with source order number one for
the mansuver involved in that event from start event to end svent time.




: The conversion functions used depand to a great extent upon the complexity

; of the data, types of calibration and recording method. The generalized onginoonnq unit
i conversion Eroq:n at the U8 Air Force Flight Teat Center contains forty different con- ‘y

t version methods which have been added over the years in response to changing instrumenta-

: tion systems. During processing,only the applicable methods are selccted for use. Some

typical methods are:

: ® Mask Function By Parameter
; This allows for multi-word operation by "masking” (blocking out) select-
s ed numbers of bits of input and apply the logical "OR" function into
L sslected numbers of bits of inputs.
' ® Wait Punction

This is performed for multi-parameter operation where parameter A is

wmasked and stored and waits for the appearance of parameter B before
proceeding.

T Y e e

® Bit NMatch Function

Bits from selected words are compared for match or non-match (as de-
fined previously) to identify halt in processing.

TR

® Data Type Conversion

b i

) Conversion to binary can be performed using several computational
3 methods:

Two's Compliment
Signed Binary
T™wo's Complimen': MSB (Moat Significant Bit) inverted
BCD (Binary Coded Decimal) decode
Hexadecimal Decode
® Table Look-up

Calibration values are selected point by point from a two or three
dimensional array with interpolation and/or extrapolation.

¢ Polynomial Fit i

Coefficients for polynomials up to fifth order are stored and used to
define the polynomial. :

7.3 INTERMEDIATE MERGES
The engineering units data base can be composed of data derived from
numerous sources: airborne magnetic tape, telewetry recordings, trajectory information,

weather data, systcems constants, and correction factors. A typ:lcal data merge used to 1
support testingof a gunnery computer system is shown in Figure 7-2.

INTERMEDIATE MERGES

SYSTEM ) { TARGET) | RADAR !
DATA DATA DATA .

MASTER INITIAL

FINAL MERGE
MENGE I MERGE
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TABULATED NICRO
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FIGURE 7-2

B T T P NP AU SO P P s riimiaa e a EXT I ey




TRy R e T A e

-

aa i

gl Sl

il o

i

r

s "

The primary purpose of the merge prooess is to oreate a new intermediate
data base composed of data from multiple socurces expressed in engineering units which
can be used as input into the Analysis Programs. In merging, eare must be exercised in
both parameter and tiaming constraints. Mosat computer programs will halt if a timing
overlap forces it to go “backwards in time.® Likewise the disappesrance of a paramster
from one location and its re-emergence in another location will cause a program halt.

7.4 ARALYS8IS CONPUTATION

This phase of data analysis is arguably the most important general area
of handling flight test data. 8o far the information gathered during the flight test has
been processed into calibrated engineering units data which represent the real informa-
tion gathared during any particular test flight. This data, vhich may be on disk or on
computer compatible tape, has basn referred to above as the data base. As such, it can
be fed into existing file information for use during future engineeriny work on a
similarly fitted aircraft, or it can ide the basis for developing the derived infor~
::g:ni:nrtho !1:}’9!3:0: for use by the aircraft or system designers. Typical analysis flow {ia

PPN

ANALYSIS COMPUTATION

ACFT TABULATED
DATA DATA

\/

PLOTS
TRAS
DAT
A NICRO
“—ﬁ-— FICHE
PECIAL TAPE
DATA

FIGURE 7-3

This analysis may be carried out either within the flight test organiza-~
tion which has been responsible for the aircraft test program, or the data base may be
supplied to other organizations which have an interest in analysing specific data
gathered from a flight performed by somebody else. For example, in the first case, the
whole process of handling data from a flight teat within the Boeing Commercial Aircraft
Division is carried on within the flight test data analysis facility. An example of
the second case is where normal output of flight teat organizations such as the Flight
Test Center at EBEdwards, California and the NLR in Amsterdam, Netherlands, is a data base
vhich in addition to being used by the test center, ia transmitted to other organiszations
such as aircraft manufacturers and design groups who ars outside the control of the
flight test organization.

Typical areas of final processing include stability and ocontrol paramaters
derived either by steady state techniques or parameter identification, aircraft and
engine performance measurspents, trajectory measurements including take -off and landing
performance, frequency analysis of both flutter and vibration data from ajrcraft and
handling qualities analysis. Typical software packages were described :n Section S5 and

Appendix I.
7.5 PRESENTATION

Presentation is an easential segment in the data processing sequence. It
is in this part that the information derived is output in a format which is acceptable
to the user. In general, this presentation takes two major forms - tabular listings
and graphical printouts. Samples are shown in Appendix V.

Tabular listings retain all the precision of the original computation and
may either be provided by teletype outputs, which is rather slow, or by high speed line
printers. These tabular listings are generally favored by computer engineers as this is
the normal output from computers used throughout industry.

Flight test engineers and designers frequently prefer graphic information.
This is normally provided by a variety of plotters including electro-static plotters, X-Y
plotters, strip chart recorders, etc. A recent application of this technique, which
provides very high speed output and also interactive response with the analysis engineer,
it is to use a cathode ray tube display of the data, associated with a hardoopy unit
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vhich ocan be activated once the displayed data is to the satisfaction of the analyst.
7.6 VALIDATION AND" INTRAPRETATION

This is the essential phase between the final process of the data in
the computer and the writing of the test report. The first step, usually accomplished
during software development and checkout, is for someone to validate the output of the
ocomputer. This can either be done by checks within the computer program by the computer
proocessing personnel, or it may be left to the flight test ineer vhen he is presented
with the output data either in tabular or graphical form. Whichever way, the validation
must be done with a broad understanding of the purposes of the test and of the computer
techniques employed to amalysze the data. Incomplete understanding of eithexr of these
satters can lead to incorrect information being accepted at this final stage. Once the
flight test engineer has accepted data which has been valicated, the next phase is the
interpretation of this data. This consists of taking the test results and comparing
them with the theoretical models of the flight test exercise whioch has been performed.
If these test results conforam to the theoretical model, then the values of the param-
eters that have been msasured and calculated can be determined from these test results.
If, however, the results 4o not oconform to theoretical background, it may be necessary
to g0 back to the computational phase to check every step of the process to try and iden-
tity what the cause is of the lack of compatibility in the data. This may well be due to
a true difference in the flight test data, in which case, the necessary remsdial action
can be takea. It can, however, sometimes arise due to apeculiarity in the measuremsnt
and data processing chain which needs to be eliminated before the final information is
accepted. In other cases, tha theoretical or wind tumnel data may be wrong. In either
event, the total data aoguisition and processing chain must be reviewed step by step to
insure data from one phase in the proosssing is passed to the next phase without change.

The final step in this phase is to publish the results in the test re-
port. This is the stage at vhich the flight test engineer must ccnsider whether the
test results really are a relevant answer to the problea for which the test is being con-
ducted. The test report should, for this reason, always point out in its conclusions
vhether any remaining uncertainties exist rather than to have them discovered later.

8.0 DATA PROCESSING CAUTION AREAS
8.1 DATA VOLUME

Airborne instrumentation technology has enabled the mesasurement and record-
ing of huge amounts of data. Though this allows a greater assurance of measuring the infor-
mation required to test the vehicle, it results in considerably more data being recorded
than is actually required for engineering reporting of the vehicle test results. These
volumes of data are of such magnitudc that it is not economically practical nor should it
be desirable to process all of the data through computer equipment. To do so results in
(1) unnecessary program dollars being spent on data processing, (2) proliferation of
sxcessive computer facilities and equipment, (3) increasing the turnaround time to get
final data into the hands of the test engineers, and (4) burdening the test engineers
with great volumes of data output that require his time and effort to separate the needed
information from the data. It is not the function of the data processing organisation to
determine what volume of data must be processed to meet the needs of the test engineer.
This determination is made by the recipient of the data. What the data processing
organisation can do is point out the impact of excessive volumes of data in terms of cust,
turnaround time, and saturation of the data processing facility. 1In today's technology
the test engineer reviews countless reams of tabulated data or graphical representations
to seqregate those segments required for the test rsport. PFuture systems, using inter-
active "smart terminals® capable of presenting both tabulated and graphical data on a
CRTwill t such scanning for events of interest to be performed more efficiently.

A word of caution, however, the data base or file which feeds this smart terminul must
atill be created by the application of calibrations to raw counts to produce data ex-
pressed in engineering units. 1If restraint is not exercised in the initial selection of
data to be processed, then all that has taken place is to substitute a very expensive
remote te al for a line printer. Volume rediuction must be used from the very first
step in data processing to avoid spending the major portion of the allocated funds on
data which ends up in the trash bin.

8.2 DATA RATES

The rate at which parameters are sampled are usually those which represent
the upper limit of the transducer, signal conditioning and telemetry or recording system.
This is desirable since it will give a raw data base the maximum intelligence it is
possible to gather. The information required for the test report is significantly less
than that recorded and a logical point at which to start reduction is with the sample
rate selected for conversion from raw data to engineering units. The output of a line
printer for thirty minutes of data at a thousand samples per second is indeed awesomes.

The use of time and parameter editing techniques coupled with cascading compression
algorithms can reduce the data processing task significantly.
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8.3 PERPECT DATA

Mere is 20 such thing as perfect data for fiight test regazdless of the
sephistication of she dasa mwm\— e tial for or
bits, breaks in transmission or nwuln ancmalies uuu the hardware or e
all work to produce iwperfect data. pm!t- expects perfect data can
eum for hours, then a parity error u data -J.t will lose mtyﬂtm. T™he teat engineer
mat be prepared to acoept data losees ud finish the test zeport. Daka ocam be

) salvaged out of nol “a recordings by skilled preprossescr station cperators, but it can

- never be manufact The complete system, from transducer to line priater or tape
drive must be considered as nn eatire process with capabilities and limitations full de-
fined. A small compromise in request requiremeats can often yield major benefitas.

8.4 SOFTVARE ANOGMALIRS

The use of “canned” software routines offers the test mtmr both !uxmuey
and the reduction of labor in developiag a set of imstructions to produce the

output. It must be recognised that the more general the :nnuuon of the software, the

more likely will be the existence of unwanted branches lurking in storage recessas to
trap the unwary bit and produce a nonssnse answer. Small pxoqn- changes, vhich seem in-
significant at first glance, and made as "gquick fimes," to "get the data out,* invariably
richochat thro u!hmt the program «um it to fail to rwa to tion. The more care-
ful the definitions and instructions in the initial Program Specification, the sore mmy
will the .otmn m to completion. Preproduction testimg the software through the

ase of known to produce expacted outputs for all cates of interest will sigrifi-
cantly reduoce mﬁnr of failures and rerums once real test data is run.

8.5 BARDVARE LINITATIONS

Today's large soale Computer SYstems appear 80 overwhelming that little notice
is taken of tho egquipment limitations. Advances in and internal self-checking
capability have been impreasive, but it is atill possible to saturate a system with ex-
cesaive hwut volume ocoupled with inefficient or fault me Word sise, lton
capacity, and amecill sgquipmant {card readerxs, tape drive, printers, terminals) w
al.m. ve finite limitations. These must be u.nuuoa and accommodated. The cm or
-3 capable of marvelous performances, but it is still a literal machine which will
follow input instructiona within the limitations innate to its coastruction.
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APPENDIX I
TYPICAL FLIGRT TEST SOPTWAIR PROGAANS

1.1 INTROOUCTION

Section 3 ocontained a general definition and description of the software
prograns required to prodwoe flight test results as a usable form of data. This appendix
describes the types of software peculiar to each of the major areas of r::z&nmuq units,
analysis, and real time process « The pratm listed are not purpo to be all
inclusive, but rather as a typical array used in flight test work.

1.2 ENGINEERING UNITS PROCESSING

Tul programs in this phase are used to provide preflight control

information, define system and instrumentation ocalibrations, maintain measurand data

:‘:0. control data editing and data compression, and correlate airborne data with ground
ata.

1.2.1 Curve Prile

The Curve Pile program maintains a file of curves, constants, and identi-
fiers in an on-line mass storage unit for selective retrieval. The Curve Pile is an
active file that undergoes frequent changes in contents which are input via cards or re-
aote texrminals. The Curve Pile oconsists of an index section which identifies particular
tables in the file and a data seotion which contains the tablea of constants, tables of
identifiers and tables of curves. Thus, the Curve File structure should ide for the
filing of many tables which can be referenced by several airplanes for which many table
names apply and several test numbers can be associated with each table name.

1.2.2 Flight Test Instrumsntation Requirements (FTIR)

The PTIR program maintains a file of the measurement specifications for
the instrumentation that is required and authorized for the testing of an airplane. The
PTIR consists of a Nodel (or master) file and at least one Airplane file. The Nodel
file contains the orclnonuu. of each msasuremsnt required to test a particular sir-

model. The Alrplane file associated with sach test airplane of the same wodel
contains only thuse measurement numbers auvthorised for the test airplane. MNost of the
data are input via punched cards and selected parts of this data are also used by the
following programs:

I.2.2.1 Test Item Neasurement Requirements (TIMR)

The TINR program maintains a file of active test items and their associated
seasurements numbers. Information related to the test items is input by cards, and the
deacriptions of the measurements are retrieved from the PTIR file.

1.2.2,2 Request for Instrumentation Preflight (RIP)

The RIP program produces an on-line storage file of the instrumentation
|ssasuremants regquired for a specific test on an individual airplane. The RIP program
sarges information from the FTIR and TINR files to generate the file of required test
ssasuremants. The RIP program then calls the FPTIC program to produce a preliminary
listing of the msasurements for instrumentation engineers to use during preflight work on
the test airplane. The RIP file is "cleaned off" periodically in the interest of
evonoRy .

I.2.2.3 Flight Test Instrumentation Contiguratioa (PTIC)

The PTIC program maintains a complete and current file of the instrumenta-
tion installed on sach airplane in test status. The file can coatain all calibrations,
or have only the most reoceat configuration acoessible. Within each airplans file, the
configuration is stored and acocessed by recorder number, recording medium, track number,
channel number, and when applicable by subchannel and bit number. A preliminary listing
of an airplane file is generated by the program for the engimeer to use during a pre-
flight check of the airplane instrumsntation system. Any instrumentation changes made
prior to or during the test are input to the program wvhich then produces a final instru-~
mentation configuration listing for the test and automatically updates the Arrangement
and Calibration rile (A/CP).

I.2.2.4 Transducer Calibration File (ICP)

The TCPF gram oomputas the calibration coefficieats for traasducers by
applying a polynomial fit to test results from the Calibratioa Laboratory. The data are
input to the computer either by ocards or by using a remote terminal located in the

atory. Aoccess to the file is by transducer number. The coefficieats are stored on
an on-1ine mass storage unit to be retrieved by the A/CP program for use in calibrating
:nm test data. The data may be output either on cards, as plots, or in printer
ormats .
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I.2.2.% Azrangement and Calibratica Pile (A/CP)

™he A{ct progran prepares and maintains a file of tho calibration values

and the track/channe urln!-nemuamtmu used by subsequent

zamsS. A separste file is established for each flight test nkpuno uxn' the data
available in the FTLR, PTIC, and IC files, as well as punched card and remote terminal
u\me when red. Wormally, the data are retrieved from an ctnxm file by an order-

od indexing with msasuremsnt, reconder, track, and test .mbers; or the file may be
acocsssed by test number only in which case‘'all the msasurements associated with the test
are retrieved. Opticnally, a file may be acoesaed by test, recorder, and track m
t0 retrieve all the measurements recordad on that track. Pollowing active mr
separate and complete A/CF for an individual teat may be sorted om a historica
Tha A/CP ocutput nay be listed on papar or punched on oards.

1.2.2.6 Arzangement/Calibration Pile Plot (A/CPFP)
The A/CPP program produces !upuou representation of the calibration
function of a msasurement. Plots for apecific measurements on file or for the entire

£ile may be abtained depending on the accessing request. The file is accessed by air-
plane numbor, test number, and sort code to obtain plots of the eatire file. Inputunq
specific msaturemant numbers in place of the sort code genarates plots for only the
measurefents. The plots are used to facilitate converting signal reference values to
engineering units required.

I.3.3 Tast Acoountability (TA)

The TA progran is primarily responsible for maintain leneul o! rngne
Tast Enginesring Work Authorizations and Test Items ausociated with a the
ﬂ.ight test inventory. The status maintenance is accomplished uung uja: :u« and sub-
sidiary files. The major files provide data storage and retrieval capability with some
automatic crossfeed or data betwsen the files. The subaidiary files coantpin data of a.
comparatively permanent nature. Program input is accomplished using primarily magnetic
tapss although punched cards may also be used. The output may be listings.

I.2.4 Flight Test Equipment Management (PTEN)
The FTEM program maintains a file of all accountabhle equipment in the
Flight Test inveanto. The information and data are stored on an on-line mass storage

unit sugh that the f 1. say be added to, revised, or deleted as required. The PIEM out-
put is tahulated .s ;arious equipment lists and summary reports of Calibration Labora
activitiea. A historical file is also maintained to facilitate evaluating individual
items of equipment and to provide statistical data regarding laboratory workloads and
group performance.

1.2.% Pilots and Plight Engineers Records (PPER)

The PFER program maintains and lists, vhen requested, simulator and flight
information ascquired by test pilots and flight engineers. 1In addition, the program will
develop currency projections for screw members of the Flight Crew Training.

1.2.6 Airplane Configuration and Status (AC&S)

The AC4S program maintains an up-to-date record of the Tnunt and past
configuration of an airplane as long as the airplane remains in the Flight Test inveatory.
The information is processed and arranged so that a record is always available of the air-
plane configuration existing at the time of each numbered test. The information can

also ba sorted in a variety of ways to meet the cbjectives of participating organizations.

A number of other data files, cost files, and libr location files ocan
be kept on this system and called up as required for the analysis of a particular flight
test. The output data from this gnt of the aystem is fed into a calibration stage which
reads, edits, and calibrates the flight data which has been produced in a format suitable
for the computer. This may be done for FN data in a ground station, from airborne tapes,
or from tslemetry data. Card data ocan also be used as an input to this stage and the
calibration data is used by a number of mathematical techniques to ensure that the output
of the initial analysis system is in the form of engineering units wvhich can be printeqd,
plotted, or handled in a data base for further mlyul.

1.3 AMALYSIS PROCESSING

This phase is normally found in batch processing systeme and is used to
process test data recorded on magnetic tape or diak. Some of these programs can be
operated separately using the calibrated data from the engineering units phase while
others operate as a systen of integrated programs. The primary function is to conduct
standard itive calculations of data or special calculations defined for the particular
flight trial from selected test data. The ocutput of most of these systems is in the form
of tabulated ulungl or plots and special programs are available to unno this particular
sapasct of the analysis.

1.3.1 Gross Weight-Canter of Gravity Program (GWCG)
The GWCG program caloulates the gross weight and center of gravity profile
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ot an airplame for given flight. MNormal data input to the program is provided by the
Curve Pile prograa tha enginmeering units tape.
2.3.2 General Caléulation and Average (GCAA) Program

The GCAA el gives the request engineer the capability to epecifty,
at t time, a variety caloulations to be performed on time hiatory variables.
T™he ¢ history veriables may be the cutput of any other Pinal Data System program ax-
ospt LIST and PLOT or they may be card ¢t data. The caloulation may be a standard
caloulation or an equation that is specified ou the data request.

1.3 Basic Airplane (BA) Progrem

This program caloulates thes basic airplane parameters of airspeed, alti-
tude, ambient air temperature, and l1lift coefficient. The inmut data required for these
pln-ceo:.hm impact pressure, static pressure, indicated ocuteide air temperature, and
gross weight.

I.3.4 Engine Performance (EP) Program

This progran computes the performance of ons, two, or more turbo-jet
engines at one tima. The input data consists of the BA program output and of normal
andino pumun such as compressor speaeds, oxit temperatures and pressures, and fuel
us quant o .

I1.3.5% mgine Puel Flov (RPFF) Program

This program caloulates fuel flow rates and specific fuel oconsumption
for individual engines, total flow rates per airplane, and average values of the param-
eters for each condition.

I1.3.6 Airplane Performance (AP) Program

This program computes the values of parameters that describe the perfor-
mance of the airplane during steady level flight conditions. Normal calculations assume
that engine thrust is parallel to the flight path and the rates of change of airapeed and
altitude with respact to time are constant. At high angle of attack engine thrust is not
parallel to flight path and a correction is normally included. Normal input are provided
by the Curve File, Basic Airplane, Engine PFuel Flow, and Engine Performance programs.

I1.3.7 . Time-Space-Position-Information (TSPI) Program

This program ocomputes airplane position, attitude, velocity, and accele-
ration using data from Cinetheodolite systems. The film associated with each system is
semj-automatically read and the azimuth and elevation data punched on computer cards or
entered on magnetic tape. The data are input to the program to compute the TSPI.

1.3.8 Automatic Approach (AA) Program

This program computes the automatic approach data that is pertineant to
svaluating the ground facilities and airplane systems used during instrument landings.
The position of the Inatrument Landing System (ILS) beams and the relative position of
the airplane to these beams are deteramined by the program. Normal input data is provided
by the TSPI program output and by the glide slope and localizer deviation signals re -
corded on-board the airplane.

1.3.9 Static Port Survey (SPS) Program

This program computes a position error correction factorx for sach of
several static pressure sources based on data taken from the static sources and from one
of several reference systems. (Reference 16). The input data are obtained from the Curve
File and Basic Airplane Proqrams.

1.3.10 Pressure Coefficients (PC) Program

This program computes the pressure and pressure coefficients for the
static points on the periphery of a specified cross-section or sections, and also com-
putes the normal chord and womant force coefficients for each section. The input data
are supplied by the CeBA programs.
1.3.11 S8ideslip Angle Calibration (BETA) Program

This program applies asrodynamic calibration to sideslip differential
pressure or sideslip vane angle data to provide sideslip angle data. Program options
are provided to transform kinematic data and airplane wmoments of inertia from body axes
to stablility axes and principal axes. The input data are provided by tha Curve File and
Basic Alrplane Programs.
1.3.12 Inlet Pressure Survey (IPS) Program

This program calculates the distribution of total pressure and pressurs
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recovery across the inlet of a turbojet engine. The output of each angular ring of
presaure probes is calibrated by the Curve program and, together with BA data, are input

to the IPS program.
1.3.1) Wacelle Cooling (RACL) Progiam

This program corrects the test-day tempsrature values of engine oomponents
to the equivalent hot-day values. The CABA programs provide tha input data.

1.3.04 Brake Energy Program

T™his progran computes the brake energy and associated parameters required
to evaluate the braking performance of an airplane. The method is termed indirect be-
causs the energies and forces are not masured directly from the brakes or wheela but are
caloulated using summation of airplane forces and intogration methods. The input data is
normally provided by the GWCG, ~"8PI, BA, and BP programs.

1.3.18 Braking Force and Rfficiency (NUSP) Program

This program computes the braking force and afficiency data to indicate
:on performance of a wheel while braking. The input data are provided by the Curve and
Prograns .

1.3.1¢ Strain Gauge Bridge Mesponse Leaat Squares Fit Program (Reference 17)

This program computes the strain gauge bridge responses to specified
t loade; than develops a least aquared line from the data and computes influence
coefficients standard response coefficients, and deviations of the responses. The input
data are provided by the Curve program or punched cards.

1.3.1? Frequency Analysis (PRRQ) Program (Reference 2)

This program can analyss any mesasurements in the fregquency domain, but
normal operation is to provide power spactral densities and autocorrelation values for
input wmeasurenents.

1.3.1% Structural fone load Lavel Program

This program determinoes the zero load intercept for the complex calibra-
tion equation associated with a combined arrangement of strain gauge bridges. Several
arcangements are ussed to measure the shear, mowent, and torsion loads on the airplane
during flight load survey teating. Normally, the program evaluates the linear least
squares molution of the load verrus factor data for each teat condition. The required
input data are provided by the Curve and BA programs.

1.3.19 Structural Fatigus (SF) Program

This progran parforma a statiatical analysis of the structural load
cycler as conhcurrently related to a relatively atable average load. Loads recorded
during flight through turbulent air are particularly suitable for this analysis, Re-
Guired input data are provided by the Curve program and optional input is proviled by
ths GWCG, GA, and Structural %ero Load Level programs.

1.3.20 Flying Qualities Progranm

This program covars a wide area of aircraft handling characteristics,
Stability and control data is calculated from level accelerations and specialized in-
£flight mansuvers such as side~slips, rolls, stalls/spins, rcller coaster, and wind-up
turns. Similar information is also used for the standardization of stability and con-
trol data and this information can alao be used as a direct input to a number of the
other programs described above.

I.4 REAL TIME PROCESSING

The baric pxognu used in these types of systems are very similar to
those described above for engineering units and analysis but, because of the blens
involved in these systems, special considerations have to he covered. BEssential tasks
for real time systems can include the ability to display in engine«uring units any param-
eters baing recorded, to provide limit tests on any of these paramaters being recorded,
and to provide the ability to perform mathematical computations for advanced analysis
and to display the results.

Typical programs are:
I.¢.) Cruise Performance Program

This program is a system application program which provides near-time
and summary data for analysis of airplane cruise and drag performance during test flights,

The program provides data in engineering units. ‘ Operator instructions
then ocontrol the display of this information on a monitor soreen, remote display panels, a print-
er, or analog devices such as oscillographs, for analysis and decisiona during the test flight.

Lot
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The Cruise Performance program will use measursments from the data acqui-
sition system, Basic Airplane Parameters program, data files such as thrust curves, and
operator supplied conatants and options. The program will calculate preasures, tempera-
tures, airspeeds, drag, fuel flow, thrust, slopes, and standardized parameters.

1.4.2 gtall Performance Program
This prognn is a system application program which tes parameters
useful in analysing stall performance of the airplane during test flights. The program

will display some parameters in real time dutin;hc test condition and then compute

8 parameters in an inter-saneuver mode. is necessitates temporary storage of
some t history data during real time proceasing. An operator will control the start
and stop of the real time processing. e inter-mansuver mode calculations will automat-
tenux done upon the receipt of the command 0 stop real time processing. All of the
normal monitoring capability within the system will be available during both real
time and inter-maneuver mode except for display on the printer. A printer/CRT display,
or stripchart can be used for displaying a special time history printout as well as a
condition summary by the Stall Pesformance program.

1.4.) Teke-0£f Performance Program

This program calculates parameters which are used to monitor aircraft
take-off parformance. Aircraft position, velocity and acceleration can then be displayed
in tabular or plotted format on a CRT.

I.4.4 Basic Airplane (BA) Paramatars Program

The BA program computes and displays on est, the basic flight test
data parameters of airspeed, altitude, gross welght, and 1lift coefficient. It can be
operated concurrently with other programs to provide input data to those programs.

1.4.83 Power Plant Parameters Program

The Power Plant Parameters program is a system application program which
calculates parameters that are useful for analysing power plant conditions during test
flighta. All ocutput from this program is available for display using the peripheral dis-
play devices. Conditlon average values are displayed on the printer automatically when
the stop command is entered.

I.4.6 Loads Program

This program computes structural load parameters in real time for in-
flight monitoring and analysis of test flights. The program produces a variable number
of shear, moment, and torsional load calculations and concurrently checks a variable
length list of measurements for out-of-limits condition. BExtensive options are provided
tg allow operator control of egquation selection, modification, allocation, and activa-
tion.
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APPENDIX I
.MLE COMPUTER PROGRAM SPECIFICATIONS

IX.I The primary purpose of a Program Specification is to identify to the soft-
ware developer the complete computational requirement. It serves a secondary purpose in
that it requires tLhe praject engineer to define the required parameters, input and output

constraints, computational processcs, and expected products in a rigorous fashion.

11.2 This appendix contains an example of a program specification which was ex-
tracted from an overall flight test apecification. It is meant to be illustrative and
no attempt is made to define terus or explain content in detail.

I1.3 Salhplel of Pruoyrams Specifications

AIRSPEED/ ALT!TUDE TRAJECTORY INFORMATION

General Description:

Herein, "trajactory calculotions' refers to the calculation of the following par-
meters:
Q) tapeline altitude (hy) .

@) rate-of-change of tapeline altitude (b,
3) geopotential altitude (Hy)
(4) energy height (Hwt) .
(5) . rate-of-changeof anergy height (Hy,)
) fiightpath climb angle ('Yt)
) rate-of-change of flightpath elimb angle (?t)
(8) normal load factors (u’t and n, )
wt wt

- Co~board measurements of airspeed and altitude are the basis for these calculations,
Simplifying assumptions made in this p.ogram include: '

(1) spherical, non-rotating earth (no centrifugai relief from the force of gravity).
2) constant gravity (32.174 ft/aecz). making geopotential altitude equel to tape-

line altitude.
3) no accelerations caused by wind gradients.
These assumptions are acceptable for a suhgonis relativelv low performance aircraft,

Subroutine HETEST assumes that in the equation for geopotential eltiture,

Ht' Ro ht ‘SL .
Rg +h gr
that
Re = 1
;:+h
and

‘SL = 1 | hence Ht=ht'

T
HETEST computes T T P
at, + st at, 1
L ht + 96, 0339 3 in 5 =
1 1-1 J at,
Hst = H + vztt

¢ 83810 .
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Subroutine DIFFR is called to numerically differentiate

|
Bt = dHp, /4t

and

ht - dht/dt .

The flightpath angle is computed,
ﬁt

-1

sin vtt

and DIFFER IS AGAIN CALLED TO CONPUTE

Yo =

Yo = ay /ar
t = ay /at.

Finally, the normal load factors are computed,

n, - ﬁnt
wt vtt

V.. ¥
n =cos ¥, + _tt' ¢t
wt t 5

HETEST then returns to the calling program.
Input
Parameters

The following are the input parameters necessary to process data through link 3A of the
UFTAS program.

LINK 3A INPUTS (B - file)

ENGR. FORTRAN UNITS Sample Measurement
Symbo1l Symbol DESCRIPTION SOURCE (Meas. List) Rate Number
hct HCT + Test Pressure Altitude iLink 2 ft. - -
Pat PAT Test Ambient Pressure tink 2 lbf/ftz - -
Tat TATK | Atmospheric Temperature Link2 | °K - -
vtt viT Test True Afrspeed Link 2 ft/sec - -

The constants necessary to direct the program flow are input through
common blocks. These blocks are shown below.

ENGR, |FORTRAN ENGR, |FORTRAN
Symbol Symbol VALUE | UNITS Symbol Symbol VALUE | UNITS
COMMON/ALL/ COMMON/LIDATA/
LUl . Q 1
Lvo * M 1
MB, 10
*To be determined by the programmer. MF 10
NANC 0
SDIF

Tables. No tables are required to process the trajectory information,
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W. The computational procedures are detailed in
Maference 1. oW diagrams as ated with the “"usual® computational paths are
presented below.

- Program LINK3A

IFUL=0
IAIN=0
TAQUT=1
LAPOVR=( MF+MB¢+1 )/2
¢l 180UT=60-LAPOVR
b NTOT=60
| RENIND input and H : |
: IFUL=0 indicatas full
¥ output ] uzﬂos data “:m for
% processing, more
| points are to be I=IAIN
: rocessed.
| ot e e e }
L 0 we points.
L READ B file label AINs12 for sets that
record from LUI ! }0““.
NLABO=4

|

%l‘l'l LABSOR
Pu‘. Pm. “‘. m. “]i
N2, NLABO, NLAB)

v

I=)

WRITE B file
Tabel record
on LU0
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Progrem LINKSA Continued
gm-rumn;l
%at initial tapeline -
altitude equal to 1s3=61-TAIN
ssure altitude. : ]
I
k=1
HT(1)=HCT( ) '
] ] 1555=1SS+IK ’
T(IK)=T(ISSS)
KeIAOUT
; IL=1
' Kek+] - ————-il
Write a data =i
record on
sutput 8 11 » BUFFER(IK, IL)=
BUFFER(ISSS,IL)
Yes

Overlap input arreys

HT(1)=HT(185S)

C | 6o back to read
and process another
segment of data

NT
"EXIT LINK3"
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}
Subroutine NETEST Subroutine HETEST Continued
hey ety INOCh=} !
z Herohty ?
eer=here g Sy <
Cal) DIFFR
3 432,174
" L T

L i
5

1=

i=i¥]

i 9 =321 T,
"t,"'q.,*’"m" )l.(

lt.l

-])

Call DIFFR

Y

T
-
*

)
n . Bty
Call DIFFR it t e
Mee a,'ti-eoqtio ‘_":k.
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APPRNDIX IIX
TYPICAL QUICK-LOOK OR REAL-TINE PROCESSING TECHNIQUES

III.l AUTOMATED PLIGHT TEST DATR SYSTEM (AFTDS)

The US Air PForce Flight Test Center system for real-time processing and
display is called the AFTDE. AFTDS consists of both hardware and software to perform
real time on-line flight test analysis. The characteristics of this system are designed
to increase the probability of safe and timely completion of a flight test program by:

o Providing quality control of sach maneuver and allowing the test conductor
to direct repeats of invalid maneuvers.

e Monitoring selected instrumentation throughout the flight both for safety
purposes and for instrumsntation systeam health.

e Displaying engineering data in a readily understandable form.
e Fastsr envelope expansion due to on-line svaluation.
® Reducing data time for selected engineering units data.

e Providing preliminary data plots or tahulations which in some cases may
replace output by batch processing

Shown below are the four basic hardware subsystems of the AFTDS and the
functional responsibilities of each. The AFTDGE system integrates a telametry formatting
subsystem, a preprocessor subsystem, a central computer subsystem, and a display sub-
systenm into a real time flight test analysis capability. From the Flight Analysis Sta-
tion (FAS) console, a flight test engineer can direct the systea to acquire, conmdition,
format, and display the particular data parameters for real time analysis. These func-
tions axre applicable to most real time displays and analysis system.

DISPLAY
PORMATTING SUBSYSTEM
SUBSYSTEN (ras)

o ACQUISITION o DECOMMUTATION 0 MULTIPROCESSING 0 ANALYST CONTROL
o COMDITIONING 0 SYNCHRONIZATION 0 CALCULATIONS IN o TEST CONTROL
o REFORATTING o NONWALIZATION o APPLICATIONS o PRINTED IMAGERY
o SHITCHING 0 LINEARIZATION SOFTWARE 0 STRIP CHART
o RECORDING o LINIT CHECKING o SERVICE DISPLAY DISPLAYS

o DATA SELECTION SUBSYSTEH

o EU RECORDING 0 READ/WRITE

PERMANENT FILES

FIGURE III-1

APTDS single stream operations provides one telemetry stream input, and two
data stream outputs utilizing tiue TeleSCOPE 340 operating system. The displays include
two master cathode ray tubes (CRT), three repesater CRTs, and three analog stripchart re-
corders. The hardware required for the system is shown below:

DATA MASTER }CDC REPEATER
TAPE CRT 252 CRT
TELENSTRY

PRE- CENTRAL coc
PROCESSOR PROCESSOR 3398 MICRO REPEATER
STATION cpC 1700 CYBER 74 DISPLAY PILN CRT
] _ DRIVER
STRIP STRIP MASTER REPEATER
cuart__ | CHART . cR? 252 crr

FIGURE 111-2
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o Bystem Software - This is the operating system software resident in the
CIBER 74 during real time prooessing opurations. It provides the basic
capability for the ooncurrent (time-shared) processing of AFTDS, and air-
eraft or project-unique programs.

o Interface Software - This category includes a number of support and util-
ity programs used to assist in configuring the system for real time opera-
tions. Like the ocperating system software, these prograss are transparent
to airoratt/project differences.

® Applications software - Of prime interest to the user, this ocategory
includes all software written for the particular aireraft test program.
There are several standardized routines which perfor~. common functions,
?:, a) aumber of aircoraft unique programs, termed “Lata Analysis Packages*
8) .

© DAPS are writtea in FORTRAMN, the mOBt v“ol{‘ud programming language for
sngineering, and the software is broken up into conveanient packages to
suit the user's test cbjectives. For example, these packages might be
broken up into the engineering disciplines of propulsion, flying qualities,
or fire control system for some projects. Very cosprehensive projects
with la input paramster lists might further subdivide DAPs, for exam-
ple, flying qualities might be broken into a longitudinal stability
package, a dynamic response package, an mansuvering stability package,
and a control sweep package. For a given set of instrumsntation param-
eters, up to thirty such DAPs may be initialised at one time.

e DAPs can be loaded and changed between maneuvers. Packages wvhich are
inactive during a particular maneuver, and which are to be recalled dur-~
ing a subsequent maneuver, have the capability of saving and restoring
aim calculated during previcus maneuvers through the use of permanent

es.

III.1.1 Stripcharts

The analog trace of the signal may also be displayed in real time. The
telemetry signal is passed through ground station discriminators which extract the data
streamr of interest. Frequency Modulation (FN) signals are then routed to ltri.r chart
recorders. For Pulse Code Nodulation (PCM) signals, a frame bit synchronizer is required
prior to conversion to an analog signal. The raw data can also be coanverted to a pseudo
engineering units analog trace by the application of calibration data through the use of a
moderate speed processor. The same system mAy also be used for post flight quick-look
through use of magnetic tape as shown bhelow:

DATA FLOW - STRIP CHART
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APPENDIX IV
CENTML PROCESOOR UNIT (CPU) TINE REDUCTION

Iv.1 TEST CASE FOR REDUCING CPU TDIE

To improve data turnaround time and lower the cost of data processing,

several test Cases WEre Fun to evaluate paremster and time compresasion techaigques at the

se0or and in the enginoeriag units processiang program. These are show in Tebles
IV=1 aad IV-2. Two paramster OCNprassion cases were run) one for stability and coatrol,
which processed fifty-one paramsters; and one for performance and propulsion, which pro-
cessed u-x-u parametess. Tim o:uuua was achieved by reducing data time shirty
seconds . ocolusms labeled “BINOIR" "SARDS" represent the preprocessor and engineer-
ing units data proceseing segments.

Iwv.1.1 Msults

Test Case 1 represents a baseline condition where all one hundred and ninety-

five recorded parameters are processed for total data time of sixty seconds. Test Case 2
shows the savings in computer costs (CPU seconds) achieved by time editing (note a fifey
::::ont decrease in event time yields onl.x a thirty-five perocent decrease in CPU time

use Of the syatem overhead, time required for search, and access). Test Cass 1 is
again shown as baseline. Test Case 2A shows the effect of paramster editing in the engi-
asaring units processing for atability and control parameters. Teat Case 28 shows the
effec : of both time and rn—m compression in the engineering units prooessing, again
for stability and comntrol. Test Case 3A and 38 shows the same ive cases of per-
formance and propulsion. This set of compression assumes that nothing is done at the
preprocessor level.

The next set of test cases show the cascade effect of a"l.yugb sion
at the preprocessor point. The first section (Test Cases 2A, 2B, 2C, and 2D) the
effects for stability and control while the sscond section (3A, 3B, 3C, and 3ID) ahows
the effects for performance and propulaioa.

DEFINITIONS

Total Paramaterxs:
Stability and Control Parameters:
Performance and Propulsion Paraiaters:

195 Paramsters
S1 Paramsters
66 Parameters

Wo Time Edit: 10 Ssconds Cal and 60 Seconds Event
Time Bdit: 10 Seconds Cal and 30 Seconds Event
887 ENR SANDS CPU TINE S REDUCTION
CASR N PARANETER TINE PARANETER SECONDS In CPU TINR
1 NOo Time Bdit All Wo Time Rdit All 280.313 Base Line
2 Mo Time ERdit All Time Rait All 182.043 3%.0
b § Mo Time Rdit Aall Mo Time 3dit All 220.313 Base Line
2A Mo Time RAit All Mo Time Bdit 8&C 12%.776 55.1
2B Mo Time Mit All Time Bait 8&C 94.201 6.4
3A Mo Time NAit All Mo Tima Bdit 49 4 154.190 4“.9
n Time Rait P&P 112.837 59.5
TABLE IV-1

1
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ST e sams CPU TINR & RRDUCTION
CcASS ™mE  PANMETER TINE PANMISTER. SBOONDS IN CPU TINR
22 Wo Time Bdit AN Wo Time Mdit  8aC 128.776
20 Mo Time Mdit Al Time MLt 8aC %4.201
2C  wo Tima Bdit S o Time BAit  8aC 56.7¢¢0" 79.7
2D Time BAit 8 Time DALt sac 36.749 0.7
A wo Time BAit Al Wo Time Mit Pa? 154.190
3 Mo Time BAit Al Time Bdit | 1Y 112.83?
3C wo Time Bait 7Y ] o Time Mit | 1Y 4 73.924 73.¢
3D  Time Bdit »r Tine Bdit rar 47.322 0.2
TABLR IV-2
™v.1.2 Conclusions

vhere conpression is also used in the t saviags in com-
puter run are achievable. An egual ml-tea is that the earlier in the
data processing stream this 01::- on can be introduoced, the more significant the
savings. A further additional git, proven only Over the long time span, is that
fewar reruns are required when all extranecus 4data and proceasing steps are eliminated
as early as possible in the data processing stream. The end result is shorter turn-

timas for data at lower cost.
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of sample cases are taken from sever

APPENDIX V
SANPLR OUTPUTS

This appendix contains uah Gata producn produced at the AFFIC. This set

tests and aircratt, primarily to show diveraity.

The following samples are showmi

V=l
V-2
v=3
v-4
V-3
V-6
v=7
V-8
V-9

fabulated radar track data.

Tabulated takeoff data derived from Cinetheodolite track.

febulated landing data derived from Cinetheodolite track.

Graphical prasentation of takeoff data derived from Cinetheodolite track.
Tebulated calibration data for a single parameter,

Graphical presentation of calibration data for a single parameter.
Project history entry of parameter data.

Tabulated engineering units data.

Teabulated analysis data.

V=10 Analysis plots.
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14.Abstract

This Agardograph is the 12th of the AGARD Instrumentation Series and describes the
application of data processing systems to produce data in support of flight testing. The
generalized techniques are appropriate to large test centers which support mulitiple tesiing
programs simultaneously. The concepts, however, are as equally valid for a single test
program using a dedicated data processing system.

Starting from a discussion of data sources, the text proceeds to a review of the considera-
tions required prior to data processing. A simplified discussion of two major componerts of
data processing — hardware and software — follows. The volume then looks at the third
major component of data processing - the people to make it work. The data processing

in support of flight testing is described according to processing functions. An attempt is
then made to identify potential problems areas.

Since every organization which conducts test flights develops its own methods and
techniques for this purpose, it is not always possible to give specific details that can be
universally applied. The intention is to present a general outline of the methods,
techniques, and problems associated with data processing for the benefit of individuals not
experienced in this field. It is hoped that experienced Flight Test Engineers will be able to
make use of this review to assist with instructing new entrants to the field of flight test data
processing and to stimulate future developments.

This AGARDograph has been sponsored by the Flight Mechanics Panel of AGARD.
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Starting from a discussion of data sources, the text proceeds to a review of the con-
siderations required prior to data proceming. A simplified discussion of two major
components of data processing — hardware and sofiware — follows. The volume then
looks at the third major component of data processing — the people to make it work.
The data processing in support of flight testing is described according to processing
functions. An sttempt is then made to identify potential problem areas.

Since every omganization which conducts test flights develops its own methods and
techniques for this purpose, it is not always possible to give specific details that can be
universally applied. The intention is to present a general outline of the methods,
techniques, and problems amsociated with data processing for the benefit of individuals
not experienced in this field. It is hoped that experienced Flight Test Engineers will
be abie to make use of this review (o assist with instructing new entrants to the field of
flight test dats processing and to stimulate future developments.

This AGARDograph has been sponsored by the Flight Mechanics Panel of AGARD.
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